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Preface 


HOME BUILDERS INSTITUTE RESIDENTIAL 
CONSTRUCTION ACADEMY: PLUMBING, 
SECOND EDITION 


About the Residential Construction Academy Series 


ne of the most pressing problems confronting the construction 

industry today is the shortage of skilled labor. The construction 

industry must recruit an estimated 200,000 to 250,000 new craft 
workers each year to meet future needs. This shortage is expected to continue 
well into the next decade because of projected job growth and a decline in 
the number of available workers. At the same time, the training of available 
labor is becoming an increasing concern throughout the United States. This 
lack of training opportunities has resulted in a shortage of 65,000 to 80,000 
skilled workers per year. This challenge is affecting all construction trades and 
is threatening the ability of builders to construct quality homes. 


These challenges led to the creation of the innovative Residential Construc- 
tion Academy Series. The Residential Construction Academy Series is the perfect 
way to introduce people of all ages to the building trades while guiding 
them in the development of essential workplace skills, including carpentry, 
electrical wiring, HVAC, plumbing, masonry, and facilities maintenance. The 
products and services offered through the Residential Construction Academy 
are the result of cooperative planning and rigorous joint efforts between in- 
dustry and education. The program was originally conceived by the National 
Association of Home Builders (NAHB)—the premier association of more 
than 200,000 member groups in the residential construction industry—and 
its workforce development arm, the Home Builders Institute (HBI). 
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xiii 


xiv PREFACE 


For the first time, construction professionals and educators created na- 
tional skills standards for the construction trades. In the summer of 2001, 
the NAHB, through the HBI, began the process of developing residential 
craft standards in six trades: carpentry, electrical wiring, HVAC, plumbing, 
masonry, and facilities maintenance. Groups of employers from across the 
United States met with an independent research and measurement orga- 
nization to begin the development of new craft training standards. Care 
was taken to assure representation of builders and remodelers, residential 
and light commercial, custom single family and high production or volume 
builders. The guidelines from the National Skills Standards Board were fol- 
lowed in developing the new standards. In addition, the process met or 
exceeded American Psychological Association standards for occupational 
credentialing. 


Next, through a partnership between HBI and Cengage/Delmar Learn- 
ing, learning materials—textbooks, videos, and instructor’s curriculum and 
teaching tools—were created to teach these standards effectively. A founda- 
tional tenet of this series is that students learn by doing. Procedure sections 
that were designed to help students apply information through hands-on, 
active application are integrated into this colorful, highly illustrated text. A 
constant focus of the Residential Construction Academy Series is teaching the 
skills needed to be successful in the construction industry and constantly 


applying the learning to real-world applications. 


The newest programming component to the Residential Construction Acad- 
emy Series is HBI’s industry Program Credentialing and Certification for 
both instructors and students. National Instructor Certification ensures 
consistency in instructor teaching/training methodologies and knowledge 
competency while teaching to the industry’s national skills standards. Stu- 
dent Certification is offered for each trade area of the Residential Construction 
Academy Series in the form of rigorous testing. Student Certification is tied 
to a national database that will provide easy access for potential employ- 
ers to verify the students’ skills and competencies. Instructor and Student 
Certification serve the basis for Program Credentialing offered by HBI. For 
more information on HBI Program Credentialing and Instructor and Stu- 


dent Certification, refer to www.hbi.org/certification. 
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About this Book 


home, an essential part of life, provides protection, security, and privacy 
to the occupants. It is often viewed as the single most important thing 
a family can own. This book is written for students who want to learn 
how to safely and properly install and service the plumbing, piping, and fixtures 


that provide comfort and convenience for residents. 


The second edition of Plumbing discusses the basics of plumbing methods and 
materials to allow an individual to advance from an apprentice to a plumber. 
These required skills are discussed and presented in a manner that not only ex- 
plains what needs to be done but also shows how to accomplish these tasks. 
General and task-specific safety issues are addressed throughout the book. 


This textbook provides a valuable resource for the areas in plumbing that are 
required of an entry-level plumber, although those actively involved in the indus- 
try will also benefit from the material discussed. The basic hands-on skills as well 
as the procedures outlined in the book will help individuals gain proficiency in 
this ever-changing trade. 


This second edition includes numerous Green tips and information that re- 
flect the National Green Building Standard ICC 700-2008 and focus the student on 
the recent trends in the Green building aspect of the construction industry. The 
plumbing industry has been a leader in the green movement for years with water 


conservation efforts, such as low-consumption toilets. 


This edition includes expanded code-related topics as well. A comparison be- 
tween the International Plumbing Code (IPC) and the Uniform Plumbing Code 
(UPC) is included to help instructors and students relate to their state or local 
codes as well as help those who may relocate during or after their training. 


In addition to topics such as tools, materials, fixtures, and equipment, the 
book discusses a wide range of topics including water service installation, drain- 
age waste and vent installation, and, of course, repairs and troubleshooting. 
The format of this material is intended to be easy to read and teach. The basic 
concept of hydronic heating systems is also discussed. For more in-depth heat- 
ing lessons, refer to the HVAC book that is part of the RCA series. 
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Xv 


ORGANIZATION sss 


This textbook is organized in a manner so that those new to the industry as well as those 
already working in the field can gain maximum benefit from its content. The four main 
sections of the book cover the major aspects of the plumbing industry as they affect resi- 
dential construction: 


e Section 1: Tools and Materials discusses the safe and effective use of hand and 
power tools and the types of piping, fittings, and valves. 


e Section 2: Fixtures and Equipment covers the structure and piping of common fix- 
tures, such as tubs, showers, and kitchen sinks, as well as common equipment, such 
as garbage disposals and dishwashers. 


e Section 3: Layout and Installation introduces the planning aspect of plumbing, be- 
ginning with blueprint reading and drafting, layout and material organization, and 
progressing to various types of installation. 


e Section 4: Troubleshooting addresses various malfunctions commonly encountered 
in the plumbing systems, accompanied by the methods of repair. This section also 
takes an in-depth look at hydronic heating systems. 


NEw To THIS EDITION 


The second edition of Plumbing has included numerous code-related comparisons between 
the IPC and the UPC. It also includes information suggested and sought by the plumbing 
instructors in the United States. Green building practices, reflecting the National Green 
Building Standard ICC 700-2008, and how they relate to the plumbing industry are also 
included in this revision. 


NEw CONTENT 


Chapter 2 


e Added coverage on electrical safety when using extension cords with power tools. 


Chapter 3 


e Expanded coverage of two common PEX products used in the United States. Also 
includes information pertaining to the importance of grounding Corrugated Stain- 
less Steel Tubing (CSST). 


Chapter 4 


e Added information about Leadership in Energy and Environmental Design (LEED) 
and a new California Lead Free law (2010). Includes more detailed information on 
installing CSST. 


Chapter 6 


e Features information of the new 1.28 gallons per flush toilets. Discusses other 
water saving aspects of plumbing fixtures. 
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Chapter 8 


e Added information of tankless water heating. 


Chapters 12, 13, and 14 
e Added comparisons between IPC and UPC, which includes tables listing specific codes. 


Chapter 16 


e Added additional safety information pertaining to performing plumbing repairs. 


NEW FEATURES 


: Green Tip 
į Leadfree does not mea 
$ În a water system 


from experience... 


GREEN TIP is boxes, added throughout the 
chapters, that highlight green building techniques 
and practices. 


GREEN CHECKLISTS have been added at the 

end of chapters to highlight the chapter’s green 
coverage and to provide a quick reference for b 
students. 
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for selected chapter topics. 
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WHAT’ 
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Picture? is a new end of chap- 
ter feature in each section that 
highlights common mistakes in a 
photo of a situation in which one 
or more things are wrong. The 
companion photo shows the situ- 
ation corrected along with text Orear 
explaining both the problem and 
the solution. 
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KEY FEATURES 


This innovative series was designed with input from educators and industry and informed by 
the curriculum and training objectives established by the Standards Committee. The following 


features aid in the learning process: 


CHAPTER 


Learning Features such as the In- 
troduction, Objectives, and Glossary 
set the stage for the coming body of 
knowledge and help the learner identify 
key concepts and information. These 
learning features serve as a road map 
for the chapter. The learner may also 
use them as a reference later. 


0 
BJECTIVES Upon completion of this chapter, the student should 


* Identify and describe power tools a plumber 


often uses, * use power tools in a safe and 
ma 


$ identify which drill or sa 

w to be used rel 

: re shank the portion of a drill bit 
that is secured in a drill chuck 


the work locatio 


wall stud vertical wood board 
or other material used to build a 


© identify which drill bit or sa 
w blade to be 
relevant to a system installation, e aea 


bit an abbreviated term to 
describe a drill bit 


chuck the rotating portion of a 
hand drill in which a drill bit is 
inserted 


J OSHA 0. ional 
chuck key atooldesignedto Heath asa onal SHE 
loosen and tighten the ail chuck aa A 


CHAPTER 1 


procepure l-7 


Basin wrench Use 
to 


Active Learning is a core concept of the Residential Con- 
struction Academy Series. Information is heavily illustrated to 
provide a visual of new tools and tasks encountered by the 
learner. In the Procedures, various tasks used in the plumb- 
ing installation and service are grouped in a step-by-step 
approach. The overall effect is a clear view of the task, making 


learning easier. 


Safety is featured throughout the text to instill safety as an at- 
titude among learners. Safe job-site practices by all workers 

is essential; if one person acts in an unsafe manner, then all 
workers on the job site are at risk of being injured, too. Learn- 
ers will come to appreciate that safety is a blend of ability, skill, 
and knowledge that should be continuously applied to all they 


do in the construction industry. 
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CHAPTER 1 Plumber's Toolbox 23 


CHALK BOXES 


A chalk box (Fig. 1-51) hous 
J chalk line, and chalk powder tat o eed S 


from experience, 


rs ene tool calibration gauge i k toe rhea needed, The external portion of the 
shouldbe in your tuck or other area by another person or connected en get Beld 
'way from your toolbox to prevent its the staring point of the line, The chalk line is pulas 


damage or missing, and check your crimp 
installations frequently. quired for late 
37 plied, so the line location becomes more permanes, 


PLUMB Boss 


A plumb bob (Fig. 1-50) is us. 
teal Sao see }) is used to establish a ver 


From Experience provides tricks of 
the trade and mentoring wisdom that 
make a particular task a little easier for 
the novice to accomplish. 


CAUTION features 
highlight safety issues 
and urgent safety re- 
minders for the trade. 


from experience... 

A chalk box can be used as a plumb bob, $ 
Keep the chalk box dry, or the chalk pow. $ 
der will become a paste, which will have $ 


to be removed and replaced, 


Srom experience... 
Wrap the string around a piece of wood 
to keep it organized between uses, or pur- 


chase a specially designed a 
ce 
that use. z ee 


FIGURE 1-51 Chalk box. 


TORQUE WRENCHES 


Be “SECTION A Toolsend Materials 


FIGURE 1-50 Plumb bob, 
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learned and what they have accomplished. 
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oo 6. A multipurpose Screwdriver 
| €. Protective case heat ang Pe omissene 
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NEW Green Tips are included 
throughout the book to highlight 
existing or new information per- 
taining to Green Building. 


7. Pliers are an essential tool for 
Plumbers, and the most popular 

a. Angled jaw 

b. Combination 

©. Locking 

d. Needle nose 


8. Pipe wrenches are used for 
threading Pipe and fittings 
‘ogether, and the most 
used sizes are sas 


b. 18" and 24” 
©. 12" and 18” 
d. 14" and 24” 


302 SECTION 3 Layout and Installation 
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$ in a water system installation or the products} systems to protect the hel 190 SECTION 2 Fixtures and Equipment 
| manufactured. A plumber should ensure that | This includes using lead-fi 
the products used for an installation comply $ installing piping systems 
q prneteers GREEN CHECKLIST 


with all laws. 
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C The true water saving aspect of a shower 
is based on the duration of each use. 


Faucets are considered Green based 
on the gallons per minute flow rate. 


WATER QUALITY a ae 5 
Regulation (NPDWR), whicl 

law, and the National Second: [ Lavatory faucets and showerheads [A handheld shower can be equipped with 
Regulation (NSDWR), which are two primary focal points on means to turn off the water flow for certain 
standard, but is not enforceabl conserving water. showering activities, such as lathering. 


Water clarity is not the same as water quality; 
even crystal-clear water can be contaminated 
with deadly toxins or other contaminants. Water 
purification and filtration systems are very pop- 
ular with private well users, and municipal wa- intent of the NPDWR is to pif 
ter systems are purified before they are rowtedto ter from contaminants that h 
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tion's drinking water, 
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highlight the chapter’s 
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b. wall mounted 
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d. Three handled 


provide a quick reference 
for students. 


6. Many three-piece lavatory faucets 
FIGURE 11-8 Environmental threats tothe drinking water system of the United can be inal ina faucet hole 
numerous and are regulated by law. spread of 4", 6", an 
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NEW Know Your Codes 
feature is included in many 
chapters allowing students SAAE 
to research their local b 
codes. This teaches code E 

book use and strengthens Sgro ht et 
the knowledge of local 

codes and research capa- 
bilities required on a job site. ee Om ir rereege 


Careful 
fully study Figure 2-30 and think about what 
is wrong 


SKERTE AU eene ia 


the f i 
flow is from vertical to horizontal? 


'9 With t, Consider all poseibiitios, 


4 


NEW What’s Wrong with 
this Picture? is a new end 
e a nt ze re rok ay of chapter feature in each 


Protecting the electrical, 


circuit interrupter (GFCI) is 


Occur section that highlights com- 
mon mistakes in a photo of a 
situation in which one or more 


things are wrong. The com- 
Sen panion photo shows the situa- 
Soin Rear: tion corrected along with text 
rs explaining both the problem 
and the solution. 


TURNKEY CURRICULUM AND TEACHING 
MATERIAL PACKAGE 


We understand that a text is only one part of a complete, turnkey educational system. We also 
understand that instructors want to spend their time on teaching, not preparing to teach. The 
Residential Construction Academy Series is committed to providing thorough curriculum and pre- 
paratory materials to aid instructors and alleviate some of their heavy preparation commitments. 
An integrated teaching solution is provided with the text, including the Instructor’s Resource CD, 
a printed Instructor’s Resource Guide, and Workbook. 
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Workbook 


Designed to accompany Residential Construction Academy Plumbing, second edition, 
the Workbook, an extension of the core text, provides additional review questions and 
problems designed to challenge and reinforce the student’s comprehension of the con- 
tent presented in the core text. 


Instructor’s Resources 


The Instructor’s Resources CD contains lecture outlines, notes to instructors with 
teaching hints, cautions, and answers to review questions and other aids for the in- 
structor using this series. These features are available for each chapter of the book 
and are easily customizable in Microsoft Word. Designed as a complete and integrated 
package, the instructor is also provided with suggestions for when and how to use the 
accompanying PowerPoint, Computerized Test Bank, Video, and CD Courseware 
package components. Print and pdf versions of the Instructor’s Resource Guide are 
also available as well as other aids for the instructor using this series. 


The Computerized Testbank in ExamView makes generating tests and quizzes a 
snap. With hundreds of questions and different styles to choose from, you can create 
customized assessments for your students with the click of a button. Add your own 
unique questions and print rationales for easy class preparation. 


Customizable PowerPoint Presentations focus on key points for each chapter 
through lecture outlines that can be used to teach the course. Instructors may teach 
from this outline or make changes to suit individual classroom needs. 


Use the hundreds of images from the Image Library to enhance your PowerPoint 
Presentations; create test questions or add visuals wherever you need them. These 
valuable images are pulled from the accompanying textbook, are organized by chap- 
ter, and are easily searchable. 


Videos 


The Plumbing Video Series is an integrated part of the Residential Construction Acad- 
emy Plumbing, second edition, package. The series contains a set of four, 20-minute 
videos that provide step-by-step plumbing instructions. All the essential information is 
covered in this series, from personal safety and power tools to the installation of major 
fixtures. “Need to Know Plumber’s Tips and Safety Tips” offer practical advice from the 
experts. The complete set includes the following: Video #1: Personal Safety and Power 
Tools; Video #2: Working with Copper; Video #3: Working with Plastic Pipe; and Video 
#4: Installing Toilets, Faucets, and Tubs. An Instructor’s Guide is available as well. 


Online Companion 


The Online Companion is an excellent supplement for students. It features many use- 
ful resources to support the plumbing book, videos, and CDs. Linked from the Student 
Materials section of www.residentialacademy.com, the Online Companion includes 
chapter quizzes, an online glossary, product updates, related links, and more. 
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ORGANIZATION OF THE INDUSTRY 


he residential construction industry is one of the biggest sectors of 

the American economy. According to the U.S. Department of Labor, 

construction is one of the nation’s largest industries, with 7.2 mil- 
lion wage and salary jobs and 1.8 million self-employed and unpaid family 
workers in 2008. About 64 percent of wage and salary jobs in construction 
were in the specialty trade contractors sector, primarily plumbing, heating 
and air-conditioning, electrical, and masonry. The National Association of 
Home Builders (NAHB) reports that home building traditionally accounts 
for 50 to 55 percent of the construction industry. Opportunities are avail- 
able for people to work at all levels in the construction industry, from those 
who handle the tools and materials on the job site to the senior engineers 
and architects who spend most of their time in offices. Few people spend 
their entire lives in a single occupation, and even fewer spend their lives 
working for one employer. You should be aware of all the opportunities in 
the construction industry so that you can make career decisions in the fu- 
ture, even if you are sure of what you want to do at this time. 


Construction Personnel 
The occupations in the construction industry can be divided into four 
categories: 


e unskilled or semiskilled labor 
e skilled trades or crafts 
e technicians 


e design and management 
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Unskilled or Semiskilled Labor 


Construction is labor intensive. That means it requires a lot of labor to 
produce the same dollar value of end products by comparison with other 
industries, where labor may be a smaller part of the picture. Construction 
workers with limited skills are called laborers. Laborers are sometimes as- 
signed the tasks of moving materials, running errands, and working under 
the close supervision of a skilled worker. Their work is strenuous, and so 


construction laborers must be in excellent physical condition. 


Construction laborers are construction workers who have not reached 
a high level of skill in a particular trade and are not registered in an ap- 
prenticeship program. These laborers often specialize in working with a 
particular trade, such as mason’s tenders or carpenter’s helpers (Fig. I-1). 


Jackson. 


PROFESS 


eee me a 


FIGURE l-1 Mason. 
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Although the mason’s tender may not have the skill of a bricklayer, the 
mason’s tender knows how to mix mortar for particular conditions, can 
erect scaffolding, and is familiar with the bricklayer’s tools. Many labor- 
ers go on to acquire skills and become skilled workers. Laborers who spe- 
cialize in a particular trade are often paid slightly more than completely 
unskilled laborers. 


Skilled Trades 


A craft or skilled trade is an occupation that involves working with tools and 
materials and building structures. The building trades are the crafts that 


deal most directly with building construction (see Fig. 1-2). 


The building trades are among the highest paying of all skilled occupa- 
tions. However, work in the building trades can involve working in cold 
conditions in winter or under blistering sun in the summer. Also, job oppor- 
tunities will be best in an area where a lot of construction is being done. The 
construction industry is growing at a high rate nationwide. Generally, plenty 


of work is available to provide a comfortable living fora good worker. 


Carpenter 
Framing carpenter 
Finish carpenter 
Cabinetmaker 
Plumber 
New construction 
Maintenance and repair 
Roofer 
Electrician 
Construction electrician 
Maintenance electrician 
Mason 
Bricklayer (also lays concrete blocks) 
Cement finisher 
HVAC technician 
Plasterer 
Finish plaster 
Stucco plaster 
Tile setter 
Equipment operator 
Drywall installer 
Installer 
Taper 
Painter 


FIGURE l-2 Building trades. 
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Apprenticeship 

The skill needed to be employed in the building trades is often learned in an 
apprentice program. Apprenticeships are usually offered by trade unions, 
trade associations, technical colleges, and large employers. Apprentices at- 
tend class a few hours a week to learn the necessary theory. The rest of 
the week they work on a job site under the supervision of a journeyman (a 
skilled worker who has completed the apprenticeship and has experience 
on the job). The term “journeyman” is a gender-neutral term that has 
been used for centuries. It is worth noting that many highly skilled building 
trades workers today are women. Apprentices receive a much lower salary 
than journeymen, often about 50 percent of what a journeyman receives. 
The apprentice wage usually increases as stages of the apprenticeship are 
successfully completed. By the time the apprenticeship is completed, the ap- 
prentice can be earning as much as 95 percent of what a journeyman earns. 
Many apprentices receive college credit for their training. Some journeymen 
receive their training through school or community college and on-the-job 
training. In one way or another, some classroom training and some on-the- 
job supervised experience are usually necessary to reach journeyman status. 
Not all apprentice programs are the same, but a typical apprenticeship lasts 
four or five years and requires between 100 and 200 hours per year of class- 
room training along with 1,200 to 1,500 hours per year of supervised work 


experience. 


Technicians 

Technicians provide a link between the skilled trades and the professions. 
Technicians often work in offices, but their work also takes them to con- 
struction sites. Technicians use mathematics, computer skills, specialized 
equipment, and knowledge of construction to perform a variety of jobs. 


Figure l-3 lists several technical occupations. 


Most technicians have some type of college education, often combined 
with on-the-job experience, to prepare them for their technical jobs. Com- 
munity colleges often have programs aimed at preparing people to work 
at the technician level in construction. Some community college programs 
are intended especially for preparing workers for the building trades, 
while others have more of a construction management focus. Construc- 
tion management courses give the graduate a good overview of the busi- 


ness of construction. The starting salary for a construction technician is 
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Technical Career Some Common Jobs 

Surveyor Measures land, draws maps, lays 
out building lines, and lays out 
roadways 

Estimator Calculates time and materials 


necessary for project 


Drafter Draws plans and construction 
details in cojunction with 
architects and engineers 


Expeditor Ensures that labor and materials 
are scheduled properly 


Superintendent Supervises all activities at one or 
more job sites 


Inspector Inspects project for compliance 
with local building codes at 
various stages of completion 


Planner Plans for best land and 
community development 
——L—_—_ EES SS SS SS SS SS SS S| 


FIGURE l-3 Technicians. 


about the same as for a worker in a skilled trade, but the technician can 
be more certain of regular work and will have better opportunities for 


advancement. 


Design and Management 

Architecture, engineering, and contracting are the design and management 
professions. The professions are those occupations that require more than 
four years of college and a license to practice. Many contractors have less 
than four years of college, but they often operate at a very high level of busi- 
ness, influencing millions of dollars, and so they are included with the pro- 
fessions here. These construction professionals spend most of their time in 


offices and are not frequently seen on the job site. 


Architects usually have a strong background in art, so they are well pre- 
pared to design attractive, functional buildings. A typical architect’s educa- 
tion includes a four-year degree in fine art, followed by a master’s degree in 
architecture. Most of an architect’s construction education comes during 


the final years of work on the architecture degree. 


Engineers generally have more background in math and science, so 
they are prepared to analyze conditions and calculate structural charac- 
teristics. There are many specialties within engineering, but civil engineers 


are the ones most commonly found in construction. Some civil engineers 
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work mostly in road layout and building. Other civil engineers work 
mostly with structures in buildings. They are sometimes referred to as 


structural engineers. 


Contractors are the owners of the businesses that do most of the build- 
ing. In larger construction firms, the principal (the owner) may be more 
concerned with running the business than with supervising construction. 
Some contractors are referred to as general contractors and others as sub- 
contractors (Fig. l-4). The general contractor is the principal construction 
company hired by the owner to construct the building. A general contractor 
might have only a skeleton crew, relying on subcontractors for most of the 
actual construction. The general contractor’s superintendent coordinates 


the work of all the subcontractors. 


It is quite common for a successful journeyman to start his or her own 
business as a contractor, specializing in the field in which he or she was 
a journeyman. These are the subcontractors that sign on to do a specific 
part of the construction, such as framing or plumbing. As the contractor’s 
company grows and the company works on several projects at one time, the 
skilled workers with the best ability to lead others may become foremen. 
A foreman is a working supervisor of a small crew of workers in a specific 
trade. All contractors have to be concerned with business management. For 
this reason, many successful contractors attend college and get a degree in 
construction management. Most states require contractors to have a license 
to do contracting in their state. Requirements vary from state to state, but a 
contractor’s license usually requires several years of experience in the trade 


and a test on both trade information and the contracting business. 


An Overall View of Design and Construction 

To understand the relationships between some of the design and construc- 
tion occupations, we shall look at a scenario for a typical housing devel- 
opment. The first people to be involved are the community planners and 
the real estate developer. The real estate developer has identified a 300-acre 
tract on which he would like to build nearly 1,000 homes, which he will later 
sell at a good profit. The developer must work with the city planners to en- 
sure that the use he has planned is acceptable to the city. The city planner 
is responsible for ensuring that all building in the city fits the city’s devel- 
opment plan and zoning ordinances. On a project this big, the developer 
might even bring in a planner of his own to help decide where parks and 
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FIGURE l-4 Organization of the construction industry. 
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community buildings should be located and how much parking space they 


will need. 


As the plans for development begin to take shape, it becomes necessary 
to plan streets and to start designing houses to be built throughout the de- 
velopment. A civil engineer is hired to plan and design the streets. The civil 
engineer will first work with the developer and planners to lay out the loca- 
tions of the streets, their widths, and drainage provisions to get rid of storm 
water. The civil engineer also considers soil conditions and expected traffic 


to design the foundation for the roadway. 


An architectural firm, or perhaps a single architect, will design the houses. 
Typically several stock plans are used throughout a development, but many 
homeowners wish to pay extra to have a custom home designed and built. 
In a custom home, everything is designed for that particular house. Usu- 
ally the homeowner, who will eventually live in the house, works with the 
architect to specify the sizes, shapes, and locations of rooms; interior and 
exterior trim; type of roof; built-in cabinets and appliances; outdoor spaces; 
and other special features. Architects specialize in use of space, aesthetics 
(attractive appearance), and livability features. Most architectural features 
do not involve special structural considerations, but when they do, a struc- 
tural engineer is employed to analyze the structural requirements and help 


ensure that the structure will adequately support the architectural features. 


One part of construction that almost always involves an engineer is the 
design of roof trusses. Roof trusses are the assemblies that make up the 
frame of the roof. Trusses are made up of the top chords, bottom chords, 
web members, and gussets. The engineer considers the weight of the fram- 
ing materials, the weight of the roof covering, the anticipated weight of any 
snow that will fall on the roof in winter, and the span (the distance between 
supports) of the truss to design trusses for a particular purpose. The archi- 
tect usually hires the engineer for this work, and so the end product is one 
set of construction drawings that includes all the architectural and engineer- 
ing specifications for the building. Even though the drawings are sometimes 
referred to as architectural drawings, they include work done by architects, 
engineers, and their technicians. Building codes require an architect’s seal 
on the drawings before work can begin. The architect will require an engi- 
neer to certify certain aspects of the drawings before putting the architect’s 


seal on them. 
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FORMS OF OWNERSHIP 


Construction companies vary in size, from small, one-person companies to 
very large international organizations that do many kinds of construction. 
However, the size of the company does not necessarily indicate the form of 


ownership. Three types of ownership and the advantages and disadvantages 


of each are shown in Figure l-5. 


INTRODUCTION 


Forms of 
Ownership 


Sole 
Proprietorship 


What it Means 


A sole proprietorship is 
a business whose owner 
and operator are the 
same person. 


Advantages 


The owner has complete 
control over the business 
and there is a minimum 
of government 
regulation. If the 
company is successful, 
the owner receives high 
profits. 


Disadvantages 


If the business 

goes into debt the 
owner is responsible 
for that debt. The 
owner can be sued 
for the company, 
and the owner 
suffers all the losses 
of the company. 


Partnership 


(General and 
Limited Liability 
Partnership 
(LLP)) 


A partnership is similar to 
a sole proprietorship, but 
there are two or more 
owners. 


General: In a general 
partnership, each 
partner shares the 
profits and losses of the 
company in proportion 
to the partner's share 
of investment in the 
company. 


LLP: A limited liability 
partner is one who 
invests in the business, 
receives a proportional 
share of the profit or 
loss, but has limited 
liability. 


General Partnership: 
The advantage is that 
the partners share the 
expense of starting 

the business and 
partnerships are not 
controlled by extensive 
government regulations. 


LLP: A limited liability 
partner can only lose his 
or her investment 


General Partnership: 
Each partner can be 
held responsible for 
all the debts of the 
company. 


LLP: Every LLP 
must have one 

or more general 
partners who run 
the business. The 
general partners 
in an LLP have 
unlimited liability 
and they can be 
personally sued for 
any debts of the 
company 


Corporation 


In a corporation a 
group of people own 
the company. Another, 
usually smaller, group 
of people manage the 
business. The owners 
buy shares of stock. A 
share of stock is a share 
or a part of the business. 
The value of each share 
increases or decreases 
according to the success 
of the company. 


FIGURE I-5 Three types of ownership. 
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In a corporation, no 
person has unlimited 
liability. The owners can 
only lose the amount 
of money they invested 
in stock. The owners of 
a corporation are not 
responsible for the debts 
of the corporation. 

The corporation itself 

is the legal body and is 
responsible for its own 
debts. 


The government has 
stricter regulations 
for corporations 
than for the other 
forms of ownership. 
Also, corporations 
are more expensive 
to form and to 
operate than are 
proprietorships and 
partnerships. 
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UNIONS AND CONTRACTORS’ ASSOCIATIONS 


The construction industry contains thousands of organizations of people 
with common interests and goals. Whole directories of these organizations 
are available in libraries and on the Internet. Two categories of construction 
organizations are of particular importance to construction students: craft 


unions and contractors’ associations. 


Unions 

A craft union, usually just called a “union,” is an organization of workers in 
a particular building trade. Workers’ unions were first formed in the 1800s, 
when factory workers were being forced to work extreme hours under unsafe 
conditions—and for very low wages. Although working conditions in both 
factories and construction have improved dramatically, unions continue to 
serve a valuable role in the construction industry. Figure l-6 lists several na- 


tional construction craft unions. 


International Association of Bridge, Structural, Ornamental and Reinforcing Iron 
Workers (www.ironworkers.org/) 


International Association of Heat and Frost Insulators and Asbestos Workers (www. 
insulators.org/) 


International Brotherhood of Boilermakers, Iron Ship Builders, Blacksmiths, Forgers 
and Helpers (www.boilermakers.org/) 


International Brotherhood of Electrical Workers (www.ibew.org/) 
International Brotherhood of Teamsters (www.teamster.org/) 

International Union of Bricklayers and Allied Craftworkers (www.bacweb.org/) 
International Union of Elevator Constructors (www.iuec.org/) 

International Union of Operating Engineers (www.iuoe.org/) 

International Union of Painters and Allied Trades (www. iupat.org/) 

Laborers’ International Union of North America (www.liuna.org/) 


Operative Plasterers’ and Cement Masons’ International Association of the United 
States and Canada (www.opcmia.org/) 


Sheet Metal Workers’ International Association (www.smwia.org/) 


United Association of Journeymen and Apprentices of the Plumbing and Pipefitting 
Industry of the United States and Canada (www.ua.org/) 


United Brotherhood of Carpenters and Joiners of America (www.carpenters.org/) 


United Union of Roofers, Waterproofers and Allied Workers (www.unionroofers.com/) 


Utility Workers Union of America (www.uwua.org/) 
Eeee) 


FIGURE l-6 Construction craft unions. 
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Union members pay dues to be members of the union. Dues money pays 
for the benefits the union provides for its members. Most unions have 
an apprenticeship program that includes both classroom instruction and 
on-the-job supervised work experience. Some of the members’ dues pays 
for instructors, classroom space, and training supplies. Unions usually pro- 
vide a pension for members who have worked in the trade. Because they 
represent a large block of members, unions can be a powerful force in influ- 
encing government to do such things as pass worker safety laws, encourage 
more construction, and support technology that is good for construction. 
Unions negotiate with employers (contractors) to establish both a pay rate 
and working conditions for their members. It is quite typical to find that 
union members enjoy a higher hourly pay rate than nonunion workers in 
the same trade. 


Contractors’ Associations 

Associations of contractors include just about every imaginable type of 
construction contractor. Figure l-7 lists only a small number of the largest 
associations that have apprenticeship programs. Some contractors’ asso- 
ciations are formed to represent only nonunion contractors; a few repre- 
sent only union contractors; and others represent both. Many associations 
of nonunion contractors were originally formed because the contractor 
members felt a need to work together to provide some of the benefits that 
union contractors receive—such as apprentice training and a lobbying voice 
in Washington, D.C. 


Air Conditioning Contractors of America (http://www.acca.org) 

Air Conditioning Heating and Refrigeration Institute (http:/www.ahrinet.org/)) 
Associated Builders and Contractors (http://www.abc.org) 

National Association of Home Builders (http:/Awww.nahb.org) 

Home Builder's Institute (http:/Awww.hbi.org) 

Independent Electrical Contractors Association (http://Awww.ieci.org) 

National Electrical Contractors Association (http:/(www.necanet.org) 

National Utility Contractors Association (http://www.nuca.com) 


Plumbing-Heating-Cooling Contractors Association (http://www.phccweb.org) 


The Associated General Contractors (AGC) of America (http:/Awww.agc.org) 


FIGURE I-7 These are only a few of the largest construction associations. 
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BUILDING CODES 


Most towns, cities, and counties have building codes. A building code is a 
set of regulations (usually in the form of a book) that ensure that all build- 
ings in that jurisdiction (area covered by a certain government agency) are 
of safe construction. Building codes specify such things as minimum size 
and spacing of lumber for wall framing, steepness of stairs, and fire rat- 
ing of critical components. The local building department enforces the lo- 
cal building codes. States usually have their own building codes, and state 
codes often require local building codes to be at least as strict as the state 
code. Most small cities and counties adopt the state code as their own, 
meaning that the state building code is the one enforced by the local build- 


ing department. 


Until recently three major model codes were published by independent 
organizations. (A model code is a suggested building code that is intended 
to be adopted as is or with revisions to become a government’s official 
code.) Each model code was widely used in a different region of the United 
States. By themselves model codes have no authority. They are simply 
a model that a government agency can choose to adopt as their own or 
modify as they see fit. In 2009 the International Code Council published a 
new model code called the International Building Code. They also published 
the International Residential Code to cover home construction (Fig. l-8). Since 
publication of the first International Building Code, states have increasingly 


adopted it as their building code. 


Many codes, other than the building code, govern the safe construction 
of buildings: plumbing codes, fire protection codes, and electrical codes. 
Most workers on the job site do not need to refer to the codes much during 
construction. It is the architects and engineers who design the buildings that 
usually see that the code requirements are covered by their designs. Plumb- 
ers and electricians do, however, need to refer to their respective codes fre- 
quently. Especially in residential construction, it is common for the plans 
to indicate where fixtures and outlets are to be located, but the plumbers 
and electricians must calculate loads and plan their work so it meets the 
requirements of their codes. The electrical and plumbing codes are updated 
frequently, so the workers in those trades spend a certain amount of their 


time learning what is new in their codes. 
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SUILOING COOU 


FIGURE l-8 The /nternational Residential Code and the International Building Code. 


WORKING IN THE INDUSTRY 


Often success in a career depends more on how people act or how they 
present themselves to the world than it does on how skilled they are at their 
job. Most employers would prefer to have a person with modest skills but a 
great work ethic than a person with great skills but a weak ethic. 


Ethics 

Ethics are principles of conduct that determine which behaviors are right 
and wrong. The two aspects of ethics are values and actions. Values have 
to do with what we believe to be right or wrong. We can have a very 
strong sense of values, knowing the difference between right and wrong, 
but not act on those values. If we know what is right but we act other- 
wise, we lack ethics. To be ethical, we must have good values and act 
accordingly. 


We often hear that someone has a great work ethic. That simply means that 
the person has good ethics in matters pertaining to work. Work ethic is the 
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A Person with a strong work ethic: 


shows up to work a few minutes early instead of a few minutes late. 


looks for a job to do as soon as the previous one is done. 
(This person is sometimes described as a self-starter.) 


does every job as well as possible. 


stays with a task until it is completely finished. 


looks for oppurtunities to learn more about the job. 
cooperates with others on the job. 


is honest with the employer's materials, time, and resources. 


FIGURE I-9 Characteristics of a good work ethic. 


quality of putting your full effort into your job and striving to do the best 
job you can. A person with a strong work ethic has the qualities listed in 
Figure l-9. Good work ethics become habits, and the easiest way to develop 


good work ethics is to consciously practice them. 


Common Rationalizations 

We judge ourselves by our best intentions and our best actions. Others 
judge us by our last worst act. Conscientious people who want to do their 
jobs well often fail to consider their behavior at work. They tend to com- 
partmentalize ethics into two parts: private and occupational. As a result, 
sometimes good people think it is okay to do things at work that they know 
would be wrong outside of work. They forget that everyone’s first job is to 
be a good person. People can easily fall prey to rationalizations when they 
are trying to support a good cause. “It is all for a good cause” is an attrac- 
tive rationale that changes how we see deception, concealment, conflicts of 
interest, favoritism, and violations of established rules and procedures. In 


making tough decisions, do not be distracted by rationalizations. 


Good work ethics yield great benefits. As little children, most of us learned 
the difference between right and wrong. As adults, when we do what we 
know is right, we feel good about ourselves and what we are doing. On the 
other hand, doing what we know is wrong is depressing. We lose respect for 
ourselves, knowing that what we have done is not something we would want 
others to do to us. Employers recognize people with a good work ethic. 


They are the people who are always doing something productive, their work 
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turns out better, and they seem cheerful most of the time. Which person 
do you think an employer will give the most opportunities to: a person who 
is always busy and whose work is usually well done or a person who seems 


glum and must always be told what to do next? 


Working on a Team 

Constructing a building is not a job for one person acting alone (Fig. I-10). 
The work at the site requires cooperative effort by carpenters, masons, 
plumbers, painters, electricians, and others. Usually several workers from 
each of these trades collaborate. A construction project without teamwork 
would have lots of problems. For example, one carpenter’s work might not 
match up with another carpenter’s work. There could be too much of some 
materials and not enough of others. Walls may be enclosed before the elec- 


trician runs the wiring in them. 


Teamwork is very important on a construction site, but what does be- 
ing a team player on a construction team mean? Effective team members 
have the best interests of the whole team at heart. Each team member has 
to carry his or her own load, but it goes beyond that. Sometimes a team 
member might have to carry more than his or her own load, just because 
that is what is best for the team. If you are installing electrical boxes and 
the plumber says one of your boxes is in the way of a pipe, it might be in the 
best interests of the project to move the electrical box. That would mean 
you would have to undo work you had just completed and then redo it. It is, 


after all, a lot easier to relocate an outlet box than to reroute a sink drain. 
The following are six traits of an effective team: 


e Listening. Team members listen to one another’s ideas. They build on 


teammates’ ideas. 
e Questioning. Team members ask one another sincere questions. 


e Respect. Team members respect one another’s opinions. They encourage 


and support the ideas of others. 

e Helping. Team members help one another. 

e Sharing. Team members offer ideas to one another and tell one another 
what they have learned. 

e Participation. Team members contribute ideas, discuss them, and play an 


active role together in projects. 
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FIGURE I-10 Work on the job requires cooperative efforts by different individuals from different trade areas. 


Copyright 2011 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
litorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


INTRODUCTION xli 


Communication 

How could members function as a team without communication? Good 
communication is one of the most important skills for success in any career. 
Employers want workers who can communicate effectively; but more im- 
portantly, you must be able to communicate with others to do your job well 
and to be a good team member. How many of the six traits of an effective 


team require communication? 


Many forms of communication exist, but the most basic ones are speak- 
ing, listening, writing, reading, and body language. If you master these five 


forms of communication, you will probably succeed in your career. 


Speaking 

To communicate well through speech, you need a reasonably good vocabu- 
lary. It is not necessary, or even desirable, to fill your speech with a lot of 
flowery words that do not say much or that you do not really understand. 
What is necessary is to know the words that convey what you want the lis- 
tener to hear, and it is equally necessary to use good enough grammar so 
those words can be communicated properly. Using the wrong word or using 
it improperly can cause two serious problems: For one thing, if you use the 
wrong word, you will not be saying what you intended to say. This is also 
often true if you use a great word wrong since you still might not be saying 
what you thought you were saying. For another thing (the second serious 
problem), using a poor choice of words or using bad grammar gives the 
listener the impression that you are poorly educated or that maybe you just 
do not care about good communication skills. As a businessperson, you 
will find that communicating is critical to earning respect as a professional 
as well as to gaining people’s business. Three important steps of effective 


communication are as follows: 


e Looking your listeners in the eye. 


e Asking yourself if you think they understand what you are saying. If it is 


important, ask them if they understand. 


e Trying a different approach if they do not understand. 


Listening 
Good listening is an important skill. Have you ever had people say some- 


thing to you, and after they were finished and gone, you wondered what 
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they said or you missed some of the details? Perhaps they were giving you 
directions or telling you about a school assignment. If only you could listen 
to them again! If possible, try paraphrasing. “Paraphrasing” means to re- 
peat what they said but in different words. If someone gives you directions, 
wait until the person is finished. Then repeat the directions to the person, 
so he or she can tell you if you are correct. Look at the speaker and form 
a mental picture of what the speaker is saying. Make what the speaker is 
saying important to you. Good listening can mean hearing and acting on a 


detail of a job that will result in giving a competitive edge in bidding. 


Writing 

Writing is a lot like speaking, except you do not have the advantage of see- 
ing if the person seems to understand or of asking if the person under- 
stands. That means you really have to consider your reader. If you are giving 
instructions, keep them as simple as possible. If you are reporting some- 
thing to a supervisor, make your report complete, but do not take up his or 
her time with unrelated trivia. Penmanship, spelling, and grammar count. 
Always use good grammar to ensure that you are saying what you intend 
and that your reader will take you seriously. Use standard penmanship, and 
make it as neat as possible. Do not invent new ways of forming letters, and 
do not try to make your penmanship ornate. You will only make it harder 
to read. If you are unsure of how to spell a word, look it up in a dictionary. 
Next time, you will know the word and will not have to look it up. After you 
write something—read it, thinking about how your intended reader will take 
it. Make changes if necessary. Your writing is important. Sole proprietors 
have to demonstrate good writing skills in proposals and contracts. If either 


of these is poorly written, it can cost the business a lot of money. 


Reading 

You will have to read at work. This is a fact no matter what your occupa- 
tion. You will have to read building specifications, instructions for use of 
materials and tools, safety notices, and notes from the boss (Fig. I-11). To 
develop reading skills, find something you are interested in and spend at 
least 10 or 15 minutes every day reading it. You might read the sports sec- 
tion of the newspaper, books about your hobby, hunting and fishing maga- 
zines, or anything else that is interesting to you. What is important is that 


you read. Practicing reading will make you a better reader. It will also make 
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FIGURE I-11 Copies of Material Data Safety Sheets. 


you a better writer and a better speaker. When you come across a word you 
do not know how to pronounce or you do not know the meaning of, look it 
up or ask someone for help. You will find that you learn pronunciation and 
meaning very quickly, and your communication skills will improve faster 


than you expect. In practically no time, you will not need help very often. 


Body Language 

Body language is an important form of communication. How you position 
your body and what you do with your hands, face, and eyes all convey a lot 
of information to the person you are communicating with. Whole books 
are written about how body language is used to communicate and how to 
read body language. We will only discuss a couple of key points here. 


When you look happy and confident, the message you convey is that you 
are honest (you have nothing to hide or to worry about) and you probably 
know what you are talking about. If you look unhappy, unsure of yourself, 
or uninterested, your body language tells the other person to be wary of 
what you are saying—something is wrong. The following are a few rules for 
body language that will help you convey a favorable message: 


e Look the other person in the eye. Looking toward the floor makes you 
look untrustworthy. Looking off in space makes you seem uninterested 
in the other person. 


e Keep your hands out of your pockets, and do not wring your hands. 
Just let your hands rest at your sides or on your lap if you are sitting. An 
occasional hand gesture is okay, but do not overdo it. 
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e Dress neatly. Even if you are wearing work clothes, you can be neat. 
Faddish clothes, extra baggy or extra tight-fitting clothes, and T-shirts 


with offensive messages on them all distract from the real you. 


e Speak up. How loudly you speak might not seem like body language, 
but it has a lot to do with how people react to you. If they have to 
strain to hear what you are saying, they will think that either you are not 
confident in what you are saying or you are angry and not to be trusted. 
If you see your listeners straining to hear you or if they frequently ask 


you to repeat what you are saying, speak a little louder. 


Customer Service 

In any industry, you will only be as successful as you are good at build- 
ing your reputation for doing quality work and for the degree to which 
your customers are happy with you and your job. On the job site, your 
customer might be a crew chief, a foreman, a subcontractor, or a con- 
tractor. If you are the contractor or subcontractor, the customer will be 
whoever hired you. It doesn’t actually matter who hired you, though— 
your role will always be to do the very best job you can for whomever it is 


that you are working. 


Good customer service also includes providing a good value for your 
fees, being honest, communicating clearly, being cooperative, and looking 
to provide the best possible experience your customer can have in working 
with you. Just as when you practice good ethics, when you provide great 
customer service you will enjoy your job much more. You will be proud of 
your work, others will want to hire you more often, and your career will be 
much easier to build. Think about how you like being treated when you are 


a customer—and always try to treat your customers at least as well. 


Lifelong Learning 

“Lifelong learning” refers to the idea that we all need to continue to learn 
throughout our entire lives. We have greater opportunities to learn and 
greater opportunities to move up a career ladder today. Our lives are filled 
with technology, innovative new materials, and new opportunities. People 
change not only jobs, but entire careers several times during their work- 
ing life. Those workers who do not understand the new technology in 


the workplace, along with those who do not keep up with the changes in 
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how their company is managed, are destined to fall behind economically. 
There is little room in a fast-paced company of this century for a person 
whose knowledge and skills are not growing as fast as the company. To 
keep up with new information and to develop new skills for the changing 


workplace, everyone must continue to learn throughout life. 


CONSTRUCTION TRENDS 


Every industry has innovations, and construction is no exception. As a con- 
struction professional, it is important to be aware of new technologies, new 
methods, and new ways of thinking about your work. This is as important 
for a worker’s future employment as being aware of safety and ethical busi- 
ness practices. Some of the key technological trends include disaster mitiga- 


tion, maintenance, building modeling, and Green building. 


Disaster Mitigation 

Both new and existing buildings need to be strengthened and improved to 
deal with earthquakes, floods, hurricanes, and tornados. Actions like im- 
proving wall bracing or preparing moisture management reduces damage 
and improves safety when these events occur. These actions are increasingly 
required by building regulations (especially in disaster-prone areas) and re- 


quested by property owners and insurers. 


Maintenance 

Preventing long-term wear and tear is also an important industry trend. 
Property owners are more concerned about the costs, effort, and time re- 
quired to repair and to maintain their homes and buildings. So, there has 
been significant research into materials that are more durable; construc- 
tion assemblies that manage moisture, air, and elements better; and overall 


higher quality construction work. 


Building Modeling 

One of the biggest new trends in construction technology doesn’t include 
construction materials at all: It includes being able to design, simulate, 
and manage buildings with the use of computer and information tech- 
nology. Some of these tools, like Computer-Aided Drafting (CAD) and 
Computer-Aided Manufacturing (CAM), have been around for decades. 
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Others, like energy modeling and simulation software or project manage- 
ment tools, are being used more and more. Still others, like Building Infor- 
mation Modeling (BIM), are gathering many of these previous tools into 
single computing platforms. In all cases, the ability to use computers and 


professional software is becoming mandatory among workers. 


Green Building 

Probably the biggest trend in the construction industry over the last de- 
cade has been Green building—that is, planning, design, construction, and 
maintenance practices that try to minimize a building’s impact on the envi- 
ronment throughout its use. Although a set definition of Green building is 
still evolving, everyone agrees on a few key concepts that are important and 


that in themselves are also major construction trends. 


Occupant Health and Safety 

The quality of indoor air is influenced by the kinds of surface paints and seal- 
ants that are used as well as the management of moisture in plumbing lines, 
HVAC equipment, and fixtures. Long-term maintenance and care by home- 
owners and remodelers also can shape the prevalence of pests, damage, and 
mold. Builders and remodelers are becoming more aware of the products and 


assemblies they use that could have an effect on indoor environments. 


Water Conservation and Efficiency 

Many builders and property owners are attempting to collect, efficiently 
use, and reuse water in ways that save the overall amount being used. From 
using collectors of rainwater to irrigating lawns, to installing low-flow toi- 
lets and water-conserving appliances, to feeding used greywater from sinks 
and showers into secondary non-occupant water needs, water efficiency is a 
trend in all Green building but especially where water shortages or droughts 


are prevalent. 


Low-Impact Development 

Builders concerned with the effect of the construction site on the land, soils, 
and water underneath are incorporating storm water techniques, founda- 
tion and pavement treatments, and landscaping preservation methods to 


minimize disturbances to the land and surrounding natural environments. 
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Courtesy of Carl Seville 


FIGURE I-12 Construction site waste recycling. 
a a a a a a ee 


Material Efficiency 

Builders are becoming more aware of the amount of waste coming from 
construction sites and inefficiency in the amount of materials (like struc- 
tural members) that they install in buildings. Many of the materials that are 
used in construction also do not come from naturally renewable sources or 
from recycled content materials. Using materials from preferred sources, 
using them wisely, and then appropriately recycling what is left is a big in- 
dustry trend (Fig. I-12). 


Energy Efficiency and Renewable Energy Sources 

The most widely known of all Green building trends involves the kind and 
amount of energy that buildings use. Oftentimes, builders can incorporate 
the use of renewable energy sources (like solar photovoltaics) or passive 
solar orientation into their designs. Then, the combination of good build- 
ing envelope construction and efficient equipment and appliances can all 
reduce utility costs for property owners, much like the maintenance trend 
reduces repair costs (Fig. I-13). 


There are many ways to keep track of the latest trends in the construction 
industry. Trade or company journals, online resources and blogs, and the 
latest research coming out of government and university laboratories are 
several ways to keep informed and up-to-date on the latest industry trends. 
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FIGURE I-13 Duct insulation increases system 
energy efficiency. 


JOB OPPORTUNITIES 


The plumbing industry generates jobs in any economic climate. During eco- 
nomic downturns in the housing industry, plumbers can find employment 
in the renovation and repair aspects of the plumbing industry. A plumber 
solely working in the residential market can also transition into the com- 
mercial and industrial plumbing markets. In economic upturns, residential 
development is usually a driving force of a good economy. During these pe- 
riods, a plumber is in very high demand to install systems in new homes, 
which also establishes more homes to possibly repair and renovate in the 
future. 


Plumbing jobs can even lead to global travel. Many globally recognized 
construction and maintenance companies have need for skilled labor. Be- 
ing employed with companies that provide support for military operations 
overseas provides many plumbers career opportunities. Building new facili- 
ties and servicing existing plumbing systems are areas where plumbers are 
needed. 


Many plumbers seek to expand their skill set through another trade such 
as heating, air conditioning, or electrical. Becoming licensed in one or mul- 
tiple trades will enable you to offer more services and increase your income 
and value to an employer. Licensing requirements vary in each state, and 
some states mandate an individual attend an accredited apprentice pro- 


gram before being eligible to apply for a plumbing license exam. Licensing 


Copyright 2011 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


INTRODUCTION xlix 


is generally required in order to become a business owner as well. Having 
training and education in multiple trade disciplines is important for a career 
in facility maintenance. As a plumber progresses in his or her career, some 
may transition into facility maintenance positions within government or with 
private organizations. An individual entering the facility maintenance aspect 
of plumbing may benefit from having experience in new construction. Know- 
ing how plumbing systems are installed below ground, in walls, and above 
ceilings can lead to a better understanding of how to approach a plumbing 


repair. 
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PLUMBING CAREER PROFILE 


Anthony Senter 


TITLE 


Owner of Senter’s Plumbing Company in 
Raleigh, NC 


EDUCATION 


Anthony graduated in 1990 from Bunn 
High School, Bunn, NC. 


HISTORY 


After working as a brick mason for several 
years, Anthony had the opportunity to be- 
come a plumbing apprentice with a family 
friend. Once he decided to move forward 
with a career in plumbing, Anthony be- 
came a licensed plumber. In 1995 he 
started Senter’s Plumbing Company, pro- 
viding a better income for his family and 


employment security. 


ON THE JOB 


A typical workday begins at 7:00 a.m. and 
many of Anthony’s jobs are on new con- 
struction sites. Senter’s Plumbing Com- 
pany performs residential and commercial 
plumbing installations, including layout 
of piping routes, blueprint reading, and 
drilling through walls, floors, and ceilings. 


As a small-business owner, he is also re- 


sponsible for estimating, billing, material 


procurement, and managing the projects. Al- 
though it may seem like a lot of responsibility, 
Anthony believes the freedom and security of 
business ownership makes all of the challenges 
worthwhile. 


CHALLENGES 


Anthony has found that a slow economy means 
higher competition for jobs. As a small-business 
owner, he finds it can be challenging to remain 
both competitive and profitable while still main- 
taining a steady work flow. 


IMPORTANCE OF EDUCATION 


In his experience, Anthony’s found that educa- 
tion is important to the plumbing field for many 
reasons. Plumbing involves a lot of mathematics 
and reading. Blueprints guide installations on a 
job site, and in order to correctly install a plumb- 
ing system it is crucial to know basic mathemat- 
ical calculations. Reading is equally important, 
as code books, product literature, project docu- 
ments, and blueprints all must be reviewed and 
understood. Anthony considers himself fortu- 
nate to have had great high school teachers and 
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to have attended a private plumbing trade 
school later for his plumbing licensure. 


FUTURE OPPORTUNITIES 


While his plumbing company is the main- 
stay of his business, Anthony hopes to 
pursue a general contractor’s license. He 
would like to expand the scope of his ser- 
vices to include building new homes as 
well as installing the plumbing system for 
those new homes. By expanding his com- 
pany and the services he offers, he will 
have more stability when new construc- 
tion projects are not available or are too 
competitive. 


WORDS OF ADVICE 


“Understand that basic mathematical 


conversions and reading comprehension 
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is important to work in the construction 
trades. If business ownership or man- 
agement is desired, you must have good 
communication skills, which include 
writing and speaking. Do not be in a 
hurry to succeed, as becoming a licensed 
plumber is a long-term commitment. 
The plumbing trade provides stable em- 
ployment and business ownership possi- 
bilities, so dedicating the time required 
can have future positive opportunities.” 


Courtesy of Senter’s Plumbing Company 
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David E. 
Walker Sr. 


TITLE 
Owner of DEW Enterprises of NC 


EDUCATION 


David attended Cape Fear High School in 
Fayetteville, North Carolina. He is a gradu- 
ate of Western Piedmont Community Col- 
lege for Basic Electricity, Welding, Brick & 
Block Laying, and Blueprint Reading and 
of Sandhills Community College for Busi- 


ness Administration. 


HISTORY 


David worked for his brother throughout 
high school as a plumber’s helper and at- 
tended an in-house training program. Af- 
ter finishing his high school education, he 
entered the plumbing trade as a full-time 
apprentice. He gathered experience work- 
ing for various companies before starting 
his own business, DEW Enterprises of NC, 
in 1996. 


ON THE JOB 


A typical day for David begins about 6:30 
a.m. As a business owner, his day doesn’t 
end until that day’s job is complete and 


his customer no longer needs his services. 
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Typical jobs for David include new con- 
struction and renovation of plumbing 
systems. He must wear many hats as a 
small-business owner. His responsibilities 
include project management, customer 
relations, purchasing, accounts payable/ 
receivable, and performing installations. 


CHALLENGES 


One of the biggest challenges David faces 
is remaining both competitive and prof- 
itable. The economic climate can affect 
how much work is available to estimate 
and perform and also affect how many 
other companies are competing for jobs. 
Keeping a steady work flow can be chal- 
lenging, but is vital when employing a 


workforce. 


IMPORTANCE OF 
EDUCATION 


David believes in the importance of an 
education and thinks it is a necessity for 
anyone wanting to become involved in 
the construction trade. Mathematics is 


extremely important for an individual 


seeking to work in a trade. Writing and 
reading comprehension is also impor- 
tant for someone wanting to become a 
construction manager or business owner. 
David recommends that attending a trade 
school is valuable even if the desired trade 
course is not offered. 


FUTURE OPPORTUNITIES 


In the future David plans to keep his focus 
on his business and remain a plumbing 


contractor. He plans to eventually branch 
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out in non-plumbing areas in order to 
diversify his skill set and his business, 
while providing more long-term residual 


and retirement income. 


WORDS OF ADVICE 


“Remain persistent and never give up 
on a goal. Seek experienced individu- 
als to learn from while progressing in a 


career.” 


Courtesy of DEW Enterprises of NC 
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PLUMBING CAREER PROFILE 


Sean Howe 


TITLE 


Owner of ABS Plumbing Company in 
Kitty Hawk, NC 


EDUCATION 


Graduate of Meredith Senior High 
School, Meredith, NH 


HISTORY 


Sean’s experience in plumbing began 
in high school, working for his uncle’s 
plumbing company in North Carolina 
during the summers. Sean enjoyed the 
plumbing trade so much he decided to 
make it his career. After graduating high 
school he spent four years working with 
his uncle. Sean then became a Class 1 li- 
censed plumber and began working with 
another company performing plumbing 
installations in the new residential market. 
He eventually became partner in a plumb- 
ing company, which led to him to branch 
out and start his own company in 2010. 


ON THE JOB 


A typical workday for Sean begins at 
7:00 a.m. As a business owner, each 
day does not have a set end time and 
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his workdays often include Saturdays. 
Because Sean is involved in both the 
commercial and the residential plumb- 
ing industry, the tasks vary depending 
on the project. All jobs have similari- 
ties, such as installing water and drain 
piping, but the types of products may 
vary from commercial to residential. 
Sean finds that his greatest responsibili- 
ties are making sure all installations are 
code approved, his job sites are safe, 
and that his customers are pleased with 


his company’s work. 


CHALLENGES 


ABS Plumbing Company’s focus is on 
quality installations, which keeps their 
reputation excellent and customers 
pleased. Sean finds the constant chal- 
lenge for him, as a business owner, is en- 
suring his company remains profitable 
and progresses toward its business goals. 
Competition for jobs is always a factor, 
so remaining competitive is both impor- 


tant and a challenge. 


IMPORTANCE OF 
EDUCATION 


The importance of remaining in high 
school was not really evident to Sean until 
years later when he had to study and re- 
tain code information. It was at that point 
that he began to really appreciate his high 
school teachers for the great education 
he’d received. Sean’s education beyond 
high school came from on-the-job learn- 
ing experiences and attending an in-house 
training program offered two nights a 
week by his employer. In addition, he set 
a personal goal for himself to study the 
code book to seek his plumbing licensure. 


FUTURE OPPORTUNITIES 


Sean wants to remain a small-business 


owner. He has added swimming pool 
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service in order to help offset low busi- 
ness volume during slow business peri- 
ods. He plans to keep progressing to a 
point where he can hire a manager to 
operate the job sites, which will allow 
him to expand his company further by 
including plumbing repair to the grow- 
ing list of services his company provides. 


WORDS OF ADVICE 


“Focus on receiving a good high school 
education and if available, enroll in a 
trade program or school. Respect the 
importance of reading, writing, and 
mathematics, as they are invaluable in 
the construction trades, and certainly if 
business ownership or management in 


plumbing is desired.” 


Courtesy of ABS Plumbing Company 
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LOOKING FORWARD 


The plumbing industry has been on the leading edge of Green technology with 
water conservation fixtures, solar water heating, and lead-free water supply 
systems. A plumber installing systems today is more aware of Green systems 
than one installing systems 30 years ago. The plumbing trade has also held 
onto the important fact that the systems protect the health of those drinking 
water or occupying buildings. The drainage and vent systems must be installed 
properly to ensure occupants are not exposed to harmful gases from the sewer 
and also to ensure occupants are supplied with safe drinking water. Regard- 
less of the decade or era, plumbers and the plumbing industry will always 


be in demand and play an important role in society and the construction 
industry. 
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CHAPTER 


OBJECTIVES Upon completion of this chapter, the student should be able to: 


e identify and describe the hand tools the plumber 
commonly uses. 


e use hand tools in a safe and appropriate manner. 
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GLOSSARY OF TERMS 


band iron thin, perforated nut driver size-specific tool wallboard material that 

metal strapping sold in rolls and used to tighten or loosen nuts, provides a finished wall surface 

used to support pipe similar to a screwdriver over the wall structure; gypsum 
board (drywall) is the most 

cheater an unsafe method open-end wrench size- common type used in residential 

of gaining extra leverage when specific tool used to tighten or construction 

using a tool loosen nuts and bolts 

fitting plumbing item used slope upward or downward 

to connect pipes to each other installation used to install 

or to fixtures; used to change drainage or venting piping 


directions in a piping system 
socket size-specific tool used 


joint the point connecting a to tighten or loosen nuts and 
pipe and fitting to each other or bolts; uses a ratchet handle for 
to fixtures its operation 
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ools fall into two basic categories: 

hand and power. This chapter intro- 

duces you to common hand tools 
used in the plumbing industry. Many of 
these tools are used regardless of the type of 
the plumbing work being done, but specialty 
tools are used only in specific areas, such as 
making repairs. The use of most specialty 
tools will be part of job-site training, but an 
employer will expect a student graduating 
from an apprentice program to have a basic 


knowledge of common hand tools. 


Proper use of hand tools also means their 
safe use. This area of your training must be 
a focal point so that your respect for safety 
grows as your career develops. Although a 
hand tool is manually operated, personal 
injury can result from its improper use, in- 
cluding using it for unintended purposes. 
Safe use includes remaining attentive to 
your surroundings and other people in the 
work area. You will learn additional safety 
lessons throughout this book and during 
your career. As you develop your mechanical 
skills in installing plumbing systems, include 
the necessary safety steps into your work 
habits. 
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Most hand tools are not as expensive as power tools, 
but they are equally important in completing a task 
or project. Most employers expect a plumber to have 
basic hand tools to even be considered for employ- 
ment. It may seem expensive for you to purchase the 
necessary tools, but it is an investment in your career. 
"You are only as good as your tools” is an old saying 
that you will appreciate as your career in plumbing 
progresses. A plumber’s toolbox consists of many 
common items, and as the plumber’s skills develop, 
it will also include specialty tools for specific jobs. 
The list of tools in Table 1-1 is for plumbers who 


TABLE 1-1 New Residential Plumber’s Too! List 


Retractable tape measure (preferably a 25’ x 1” 
type) 


Medium Phillips screwdriver (Size #2) 
Medium slotted screwdriver 
Multi-type screwdriver 

Two 10” angled-jaw pliers 

6” combination pliers 

7" locking pliers 

8” or 10” adjustable wrench 

18” pipe wrench 

24” pipe wrench 

Smooth jaw pipe wrench 

Basin wrench 

12” claw hammer 

Cat's paw nail remover 

Allen wrench kit 

Wood chisel kit 

12” concrete chisel 

5/16” nut driver or No-hub torque wrench 
1/8” to 1-1/8” copper tubing cutters 
Copper midget tubing cutters 
Copper tubing cutter up to 2” pipe size 
Copper flaring tool 

Copper tubing bending tool 


Plastic pipe saw 
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TABLE 1-1 Continued 
Hacksaw 
Mini-hacksaw 
Flexible piping cutter 
Inside PVC pipe cutter 
Utility blade knife 
Straight-cut type aviation snips or set of three 
Pencil 
Magic marker 
Carpenter's speed square 
Basket strainer tool or internal wrench 


Torpedo-type level 


24” level (may prefer one with slope/grade 
option) 


Torch regulator assembly 

Torch striker 

1/2” PEX crimping or expander tool 
3/4" PEX crimping or expander tool 
Plumb bob 

Chalk box 


Courtesy of Ideal Industries, Inc. 


FIGURE 1-1 Torpedo level. 


(A) 


Courtesy of Ridge Tool Company. 


Courtesy of L.S. Starrett Company. 


work in new residential construction. Most of their 
descriptions are included in this chapter. 


The number of tools you have determines the 
physical size of your toolbox or whether you want 
more than one toolbox for specific work activities. 
Because the longest tools you will probably have for 
a residential job are a 24” level and a pipe wrench, 
you may want a toolbox large enough to house 
these tools. Some plumbers use tool belts while per- 
forming certain tasks, and these belts can be used as 
permanent storage for those tools. A toolbox should 
be lockable and should remain in your possession 
or in a secure area on a job site. 


LEVELS 


A level is one of the most important tools in a 
plumber’s toolbox. It has tubes known as vials 
that are partially filled with colored liquid leaving 
a trapped air bubble inside to read desired results. 
Like a tape measure or ruler, many levels have a di- 
mensional feature that can be used for measuring 
distances. Two types of levels are commonly used: 


FIGURE 1-2 24” Levels. 


the torpedo level (Fig. 1-1) is a small tool used for 
quick reading, and the 24” level (Fig. 1-2) is used 
for more accurate installations. Drainage pipes are 
installed with slopes so that wastewater flows out 
of the piping system, but other piping systems and 
fixtures are installed with levels. Most quality lev- 
els have three different leveling tubes for three dif- 
ferent installation positions. One tube is for vertical 
readings, one is for horizontal readings, and the 
third is for 45° readings. Levels intended for install- 
ing sloped piping are available either with a leveling 
screw on one end to adjust for the slope desired or 
with a slope-indicating bubble. Many plumbing lev- 
els are magnetized on one side for installing metal 
pipes. The commercial plumbing industry uses la- 
ser levels, which are considered specialty tools. Wa- 
ter levels are also specialty items used for large-area 
installations. They are typically custom made with 
1/2” clear rubber tubing and colored water. 


For step-by-step instructions on using a level, see 
Procedure 1-1 on pages 30-31. 


Copyright 2011 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


from experience... 


Tape a small piece of wood to the end of 

a level to install sloped piping. If you have 
a 24" level and the slope is 1/4” per foot, 
tape a 1/2” thick piece of wood to one end 
of the level. Use a level with a leveling 
screw by placing the leveling screw on the 
downstream side of the pipe and adjusting 
the slope until you read the level. 


ote eereeeeesreeeseeeseeeeeseeseesescee * 


TAPE MEASURES 


Numerous makes and models of tape measures are 
available that vary in blade width and length. The 
most common tape measure is retractable type with 
a pocket clip, and the most popular one plumb- 
ers use is that which extends 25’ with a 1” wide 
blade (Fig. 1-3). Purchase a quality tape measure; 
some leading manufacturers offer a lifetime dam- 
age warranty. The 1” blade allows a plumber to 
obtain dimensions over a larger span because the 
blade extends farther without collapsing in midair. 
Many tape measures such as a wooden folding ruler 
(Fig. 1-4), also known as a rule, have an extension 
slide for internal measuring. They can also be used 
to lay out certain angles when a square or other lay- 
out tool is not available, but they are not productive 
for long-distance measuring. An installation—such 
as an underground piping system—that requires 
more length from a standard retractable tape 


Courtesy of Stanley Tools. 
ea 
FIGURE 1-3 Retractable tape measure. 
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Courtesy of Ideal Industries, Inc. 
SSS el 


FIGURE 1-4 Folding rule. 
| 


Courtesy of Stanley Tools. 


FIGURE 1-5 Wind-up tape measure. 
E] 


measure may dictate using a 50' or 100’ wind-up 
tape measure. Wind-up tape measures (Fig. 1-5) are 
flimsy, and the tape must be pulled tight to avoid in- 
correct measurements caused by sagging. 


For step-by-step instructions on reading a ruler, see 
Procedure 1-2 on page 32. 


For step-by-step instructions on using a folding 
ruler, see Procedure 1-3 on page 33. 


from experience... 


Most tape measures highlight numerical 
increments of 16” in red to indicate the 
typical dimension of two wood studs from 
center-to-center. Use this feature to locate 
studs behind finished walls. 


ote eeeeeeceereceeeeesr ee eee ee eee eee ee ® 
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SQUARES 


Framing squares are used extensively by carpenters, 
whereas they are typically used by plumbers for lay- 
out or when marking large boards to cut (Fig. 1-6). 
Typically this too is not used daily. It has two edges 
that form a 90° angle and is beneficial for laying 
out angles. A popular small square used to mark 
boards for cutting is a speed square (Fig. 1-7). It has 
three edges; one side is at a 45° angle. Both types of 
squares have dimensions included to use for mea- 
suring and layout. As you will learn in the material 
section of this book, plumbers use three basic offset 
angles: 90° and 45° angles are the most common 
angles, and 22-1/2° is the less common used for 
drainage and vent systems. 


Courtesy of The Stanley Works. 


FIGURE 1-6 Framing square. 


FIGURE 1-7 Speed square. 


For step-by-step instructions on using a framing 
square, see Procedure 1-4 on page 34. 


SCREWDRIVERS 


Screwdrivers are available in many lengths and 
shank diameters. The two types plumbers use are 
slotted-head and Phillips (Fig. 1-8). The tip of 
the screwdriver determines the size, and the most 
common sizes are #1, #2, and #3, with the small- 
est number indicating the smallest size. The most 
common type is a multi-screwdriver (Fig. 1-9) that 


(A) 


Sz 


(B) 
(SSS Sa 


FIGURE 1-8 Slotted and Phillips screwdriver. 


Courtesy of The Stanley Works. 
ue} 


FIGURE 1-9 Multi-screwdriver. 
T) 
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is disassembled and re-assembled for specific uses. 
Most have combination bits that provide four op- 
tions: a small- and large-diameter Phillips and a 
small- and large-diameter slotted screwdriver. The 
hollow shank of the tool serves as two different- 
sized nut drivers. The small-diameter screwdriver 
combination bit is housed in the end of the shank, 
which is also a 1/4” nut driver, and the large-diam- 
eter end of the shank is a 5/16” nut driver. Other 
multi-screwdrivers are available with replaceable 
bits ranging up to a 16-in-1 type. Include separate 
Phillips and slotted-type screwdrivers in your tool- 
box in case your multi-screwdriver is lost or dam- 
aged. You should also have a large slotted-type 
screwdriver for securing or removing large screws. 


eocereece eee e eee eee eee eee eee eee eee eee ee, 


from experience... 


Use the combination bit from a multi- 
screwdriver in a drill if a proper drive bitis - 
not available, but do not use the combina- 
tion bit when the drill is set at high speed 
to avoid bit damage. Use a drill with a 
torque control feature to minimize dam- 
age to the screwdriver tip. 


PLIERS 


Pliers are available in various styles and are one 
of the most practical tools in a plumber’s toolbox. 
The most common type plumbers use has angled 
and grooved jaws (teeth) for an adequate grip on 
pipe. They are sometimes called water pump pli- 
ers, or they may simply be referred to as pliers 
(Fig. 1-10). Most pliers used in the plumbing trade 
have cushion grip handles. The 10” angled-jaw 


Courtesy of Ridge Tool Company. 
Say 


FIGURE 1-10 Angled-jaw pliers. 
E 
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Courtesy of Ridge Tool Company. 


FIGURE 1-11 Combination pliers. 


Courtesy of Irwin Industrial Tool Company. 


FIGURE 1-12 Locking pliers. 
MIMMI 


pliers are widely used and offer an adjustment fea- 
ture that allows them to open up to 2”. Angled pli- 
ers are available in both smaller and larger sizes 
than 10”. Add various sizes as your toolbox grows. 
Combination pliers are handy when working with 
small items in a tight space, but are not used for in- 
stalling pipes (Fig. 1-11). Locking pliers are useful 
in removing a nut or bolt that is seized due to corro- 
sion. They typically do not have cushion grips (Fig. 
1-12). Needle-nose pliers are not useful in tight- 
ening or loosening pipes, but are handy for twist- 
ing wires or working with small parts. Many pliers 
have a wire-cutting feature as well (Fig. 1-13). 


ADJUSTABLE WRENCHES 


Adjustable wrenches are available in various sizes, 
some with a cushioned grip (Fig. 1-14). The jaw 
opening is adjustable and smooth so that it does 
not damage metal finishes. An adjustable wrench is 
a great asset in any toolbox; its adjustment range 
usually allows it to replace numerous open-end 
wrenches and sockets. Its compact design is useful 
while working in a tight space, such as working on 
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Courtesy of Sears Brands, LLC. 


FIGURE 1-13 Needle-nose pliers. 


FIGURE 1-14 Adjustable wrench. 


water supply connections under a sink. The com- 
mon size of this tool is 9”. Using two adjustable 
wrenches in opposing positions is beneficial when 
working under sinks. 


PIPE WRENCHES 


As with other popular tools, pipe wrenches are 
available in numerous styles and sizes (Fig. 1-15). 
Pipe wrenches with grooved jaws (teeth) provide 
grip for installing or removing metal piping systems 


Courtesy of Ridge Tool Company. 


FIGURE 1-15 Pipe wrench. 


” 


Courtesy of Ridge Tool Company. 
SSS] 


FIGURE 1-16 Spud wrench. 
(ces 


or plastic material with designated tightening areas. 
The least expensive ones have a cast iron body; alu- 
minum ones are lighter, but are more expensive. The 
two most common sizes are 18” and 24", but smaller 
and larger sizes are also available. All pipe wrenches 
have an adjustment range for various pipe or fitting 
sizes, with larger wrenches accommodating larger 
pipe sizes. A chrome-plated finish is often used in 
the plumbing industry. Damage to its appearance 
can be avoided by using a smooth jaw pipe wrench 
or a more common smooth jaw tool known as a 
spud wrench (Fig. 1-16). Strap wrenches are also 
available for working with items that cannot be 
damaged (Fig. 1-17). Chain wrenches, for specialty 
work, can be used in place of a pipe wrench for cer- 
tain applications (Fig. 1-18). Tightening or loosen- 
ing pipes and fittings requires using two wrenches 
in Opposing positions to eliminate damage to other 
portions of the system. 
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Y 


N 


Courtesy of Ridge Tool Company. 
E 
FIGURE 1-17 Strap wrench. 
| 
Courtesy of Ridge Tool Company. 


FIGURE 1-18 Chain wrench. 
S] 


For step-by-step instructions on using a pipe 
wrench, see Procedure 1-5 on page 35. 


CAUTION 


ete Peewee ereeer eee sree eeee eee eee eeeeeeey, 


: from experience... 


Most of your working strength comes 
from using pipe wrenches in the 
10-o'clock and 2-o'clock positions or in 
the 4-o'clock and 8-o'clock positions. 


eoeceer cee ee eee ee eee eee eee eee eee ee ® 


HAMMERS 


Numerous hammer types are available, with dif- 
ferent heads, claws, and weights. A plumber uses 
a hammer mostly for removing nails and installing 
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FIGURE 1-19 Curved claw hammer. 


= 


FIGURE 1-20 Straight claw hammer. 


wood bracing, pipe supports, and pipe protection 
shields. Focusing on the weight or the head type 
or on the type of claw is not as important, because 
plumbers use hammers less often than carpenters. 
When removing nails from a wooden structure to 
allow for holes to be drilled, a straight claw works 
better than a curved claw hammer (Fig. 1-19). The 
most common type plumbers use weighs 16 ounces 
and has a smooth nailing head (Fig. 1-20). Another 
common type, a waffle head hammer, is used when 
framing a building; it is more expensive, but its de- 
sign offers more security from glancing off when hit- 
ting a nail or chisel. Ball peen hammers (Fig. 1-21) 
were more popular in the plumbing industry in the 
past decades. Some handles are made from wood 
and others from steel or fiberglass. Some steel han- 
dles are solid, and others are hollow. Steel and fiber- 
glass handles have cushioned handle grips, whereas 
wooden handles usually do not. Purchase a hammer 


that has a straight claw, a solid steel handle, and a 
waffle head. 
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on a metal-cutting saw. The blade is replaceable and 
is fixed to the handle with a removable screw. The 
blade can be used to cut small pieces of wood or 
to cut a hole in a drywall, if necessary, but it is best 
to use tools designed for those purposes to avoid 
dulling the saw blade. Cutting plastic pipe with a 
saw leaves a burred edge on the pipe end that must 
be removed before installing the pipe. Cut all pipe 
ends square before installing them into a fitting; 
correcting uneven cuts wastes pipe and consumes 
time. Many plumbing apprentices find it difficult 
to cut larger pipe diameters squarely with a hand 
saw, but they become more accurate with a little 
practice. Jobs requiring numerous cuts are typi- 
cally performed with a reciprocating saw or other 
power saw. 


For step-by-step instructions on plastic pipe cut- 


ting, see Procedure 1-6 on page 36. 
Courtesy of Sears Brands, LLC. 


CAUTION 


FIGURE 1-21 Ball-peen hammer. 


CAUTION 


from experience... } 


Remove burrs with a tool designed espe- 


: cially for that purpose, but a file or pock- 
PLASTIC PIPE SAWS : etknife is more commonly used. Including : 


Saws are available for almost every use in the con- ; this step in your normal cutting process 
struction trade. The two types of plastic piping (ABS 


and PVC) you will learn about more in the mate- : allows It to become a Hebel step In : 
rial section of this book are cut with the same type : working with plastic pipe. : 
of saw (Fig. 1-22). Short and long blade styles are F AERC EENEN EE ETEN S 


available with cutting teeth that are closer together 
than on a wood-cutting saw and farther apart than 


PLASTIC PIPE CUTTERS 


Smaller-diameter plastic and flexible piping are best 
cut with a specially designed plastic pipe-cutting 
tool to ensure a clean, square cut. Designs are avail- 
able in various prices and sizes (Fig. 1-23). This tool 
increases productivity, ensures a more accurate cut, 
and eliminates burrs. The cutting blade is replace- 
able and fixed to the tool with a screw. Most large 
tools cut up to 1-1/2” diameter pipe, but the most 
FIGURE 1-22 Plastic pipe saw. common are used for smaller pipe sizes. An uneven 
cut can cause a joint to leak, and burrs can cause 


Courtesy of Ridge Tool Company. 
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(B) - 
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Courtesy of Ridge Tool Company. 
T 


FIGURE 1-23 Plastic pipe cutters. 
= l a 


water flow to be disturbed, which results in pres- 
sure loss in a piping system. Burrs can also travel in 
a water piping system and obstruct filters, screens, 
and water flow passageways. 


CAUTION 
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INSIDE PLASTIC PIPE 
CUTTERS 


Plastic pipe in a difficult location must often be cut 
with a drill and an inside pipe cutter (Fig. 1-24). 
For example, if a drainage pipe is installed below 
a concrete floor or the piping cannot be accessed 
from below a work area, the plastic pipe can be cut 
from the work area with an inside pipe-cutting tool. 
Many kinds are available, but the most popular is 
an inexpensive, simple rotating type. The cutting 
wheel has several cutting teeth and is fixed to a drill 
shaft, which rotates as the drill is operated. The cut- 
ting wheel is inserted into the plastic pipe, the drill 


(A) 


(B) 
Courtesy of Sioux Chief Mfg. 
——————— === aay 


FIGURE 1-24 Inside plastic pipe cutter. 
[e F) 
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is activated, and pressure is applied against the pipe 
wall while the wheel is slowly moved around the in- 
side of the pipe. 


CAUTION 


: from experience... 


Temporarily insert a cloth rag into the 
pipe to be cut to act as a safety net in . 
case the screw, cutting wheel, or entire 
tool falls into the pipe. Be sure the rag 
does not interfere with the cutting pro- 
cess, and remove it when you complete ; 
the work. 


e.s...’ 


eevee ee ee eee 


METAL-CUTTING SAWS 


A hacksaw is used in many areas of construction by 
almost every trade (Fig. 1-25). This versatile tool, 
designed to cut through metal, is made with numer- 
ous blade types and various numbers of teeth per 
inch. Any handsaw blade made to cut metal has 
more teeth per inch than that designed to cut wood 
or plastic. Position of hacksaw blade is one direc- 
tional, and an arrow located on the side of the blade 
indicates its correct use. Various saw frames are 
available, some of which are made of steel and oth- 
ers of aluminum. Miniature hacksaws are common 


FIGURE 1-25 Standard hacksaw. 


Courtesy of Superior Tool Company. 


FIGURE 1-26 Miniature hacksaw. 


for cutting bolts used to install toilets (Fig. 1-26). 
Many miniature styles are available, some of which 
use a standard hacksaw blade and others require 
specialized blades. If a miniature saw is not avail- 
able to trim toilet bolts, a standard hacksaw blade 
removed from its frame can be used. 


CAUTION 


WALLBOARD SAWS 


Cutting drywall board, after an installation, to re- 
pair a leak is common. A wallboard saw is used 
to perform this task. Several styles are available, 
and some use the same blades as those used with 
other tools. The most common are compass saws 
(Fig. 1-27) and wallboard saws (Fig. 1-28). A com- 
pass saw cuts circular holes, but can make square 
cuts as well. The wallboard saw is shorter and 
more rigid than the compass saw, making it prefer- 
able for a plumber. If a wallboard saw is not avail- 
able, the task can be performed with a utility knife 
(Fig. 1-32) or, in the case of an emergency plumbing 
repair, with a plastic pipe saw (Fig. 1-22). 


LS Se See 
FIGURE 1-27 Compass saw. 
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FIGURE 1-28 Wallboard saw. 


FIGURE 1-29 Types of aviation snips. 


AVIATION SNIPS 


Aviation shears are also known as tin snips. The 
three most common styles are those that cut in 
straight, left, or right directions. Their cushioned 
grip handles are color-coded indicating their direc- 
tion of cut. Many manufacturers use a standard 
color code that indicates yellow is a straight cut, 
red is a left cut, and green is a right cut (Fig. 1-29). 
Offset styles place your hand above the material 
to be cut. Plumbers use these tools for cutting a 
pipe-support material known as band iron. Plumb- 
ers who also install sheet metal duct or piping may 
wish to invest in various types of snips, but the most 
popular one is a straight-cut style. The cutting edges 
of the tool are not replaceable, so replace the tool 
when it becomes dull or damaged. The user must 
cut with the tool perpendicular to the item being cut 
to minimize damage to the aviation snips. Improper 
use will cause the cutting portion of the tool to be- 
come “sprung.” 
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CAUTION 


NAIL PULLERS 


Removing nails from wood boards before drilling 
or cutting holes is common to avoid damage to drill 
bits and saw blades as well as to avoid personal in- 
jury. Various methods and tools are used depending 
on the preference and the location of the nail. The 
two most common tools in the plumbing industry 
are a flat bar (Fig. 1-30) and a nail paw (Fig. 1-31), 
both of which have nail-pulling features. The nail 
paw is also known as cat’s paw and has two differ- 
ent slotted ends that allow the user options based 
on the work location. It is often used to pull nails 
from tight areas or from areas that are embedded in 
a partially drilled hole. A typical flat bar has three 
options—the two different slotted ends and a nail- 
pulling slot in the flat portion of the bar. 


FIGURE 1-30 Flat bar. 


FIGURE 1-31 Nail paw. 
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CAUTION 


KNIVES 


A utility knife is another inexpensive tool 
found in most toolboxes on a construction site 
(Fig. 1-32). It is used to cut wallboard as well 
as boxes or tapes for material handling purposes. 
Some models have replaceable blades that retract 
into the tool body to avoid injury or damage to 
the blade when it is not in use. Multi-purpose 
tool sets are very popular and include various 
styles of blades, small screwdrivers, pliers, and 
possibly a file. Multi-tool knife sets (Fig. 1-33) 
increase productivity and are typically sold with 
a belt carrying case for quick use. A standard 
pocketknife is also handy and fits into a pocket 
for quick retrieval. 


- GUGRT Ñ 
(S7 
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FIGURE 1-32 Utility knife. 


CAUTION 


Courtesy of Leatherman Tool Group, Inc. 


FIGURE 1-33 Multi-purpose tool. 


CHISELS 


Plumbers use a wood chisel to notch and split pieces 
of wood boards. They are available in various widths 
(Fig. 1-34). Plumbers usually choose 1/2” or 1”. 
They use a hammer to strike the handle of the chisel, 
which is very sharp. Eye protection must be worn, 
and hands must be kept away from the sharp cut- 
ting edge. Most chisels come with a protective 
sheath or case and should be stored in a toolbox, 
not in a pocket. Chisels used for chipping concrete, 


FIGURE 1-34 Wood chisel. 
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Courtesy of Ridge Tool Company. 
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FIGURE 1-35 Cold chisels. 
SD] 


also known as cold chisels, have a cutting edge that 
is blunter than that of a wood chisel (Fig. 1-35). 
A hammer is used to create a forceful blow, so eye 
protection (and possibly face protection) and leather 
gloves are required when working. The strike end of 
a concrete chisel can become flattened, allowing small 
metal pieces to become airborne and cause injury. The 
concrete being chipped can also become airborne. Al- 
ways be aware of other people in your work area. 


CAUTION 


oft ee eee ee eee ee ee eee eee e eee eee eeeeeee, 


: from experience... 


Many concrete chisels are sold with a pro- 
tective hand guard to avoid striking your 
hand with a hammer. 


BASIN WRENCHES 


Installing and replacing faucets on an existing sink 
also means that work space is limited. The tool typ- 
ically required in this situation is a basin wrench 
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(A) 


Courtesy of Ridge Tool Company. 


FIGURE 1-36 Basin wrenches. 
eee] 


(Fig. 1-36), a specialty tool that should be in- 
cluded in every plumber’s toolbox. Two types of ba- 
sin wrenches are available: the least expensive has 
a non-adjustable shaft, and the most common and 
more expensive type, known as a telescoping ba- 
sin wrench, has an adjustable shaft. The adjustable 
types are available in various lengths. All of them 
have spring-loaded swivel heads to install and re- 
move securing nuts from a faucet and water supply 
connections in a tight space. 


For step-by-step instructions on using a basin 
wrench, see Procedure 1-7 on page 37. 


ett eeeeeee eee ee ee eee eee e see eee e see eee, 


from experience... 


- Do not use another tool on the square- 
- type basin wrench to add extra torque to: 
-loosen or tighten nuts. The shaft will be-  : 
> come damaged, which eliminates the ad- 
justable length feature. 


eooceeee ® 


BASKET STRAINER TOOLS 


Drainage piping is connected to a kitchen sink using 
a plumbing part known as a basket strainer. Often 
specialty tools are required to install the strainer. 
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SUPERIOR TOOL PRO tre" 


= -~ 


Courtesy of Superior Tool Company. 
ER) 


FIGURE 1-37 Strainer fork. 
E 


Numerous tools exist to complete connections to 
specific fixtures, some of which are multi-purpose. 
A tool known as a strainer fork (Fig. 1-37) is some- 
times used for installing strainers and tub drains, 
but it has declined in popularity because plumbing 
material is now manufactured with thinner met- 
als and more plastics than in the past. Many bas- 
ket strainer tools (Fig. 1-38) are available based 
on the installer’s preference. A basket strainer can 
be accessed after an installation, but a tub drain 
may not be accessible after the house is complete, 
which is why proper tightness and correct installa- 
tion is crucial. An internal wrench (Fig. 1-39) is a 
multi-purpose tool that is inserted into some strain- 
ers, tub drains, and other plumbing parts allowing 
an installer to tighten or remove parts of a plumb- 
ing fixture. The internal wrench can be used on the 
interiors of drain assemblies with widths ranging 
from 1” to 2”. 


Courtesy of Superior Tool Company. 


FIGURE 1-38 Basket strainer wrench. 


Courtesy of Ridge Tool Company. 


FIGURE 1-39 Internal wrench. 
TE) 


COPPER PIPE CUTTERS 
(TUBING CUTTERS) 


Copper pipes are used more often in commercial 
installations than in residential due to the popular- 
ity of plastic water piping systems, but a plumber 
should know how to work with copper pipes. Cop- 
per is identified as pipe or tubing, and the cutters 
are called either tubing or pipe cutters. Various tool 
sizes are available for cutting pipe widths ranging 
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from 1/8” to 4". The more compact ones are used 
for smaller pipe sizes in small work areas (Figs. 
1-40 through 1-42). The smallest type of cutter is 
called a midget or mini-cutter. Most manufacturers 
refer to tool sizes based on their model numbers. 


Most cutters have a device known as a reamer 
to remove the internal ridge created during the pipe- 
cutting process. Ream the pipe so that the ridge 
does not cause water flow turbulence within the 
piping system. A hacksaw or reciprocating saw is 
often used in tight spaces to cut copper pipe, but, if 
possible, this practice should be avoided to prevent 
copper shavings from entering the piping system 
during the pipe-cutting process. Copper pipe used 
for medical or natural gas systems should never 
be cut with any tool other than a tubing cutter de- 
signed for cutting copper, because shavings obstruct 
critical aspects of the systems. Copper cutters have 
metal rollers and a cutting wheel that rotate around 


Courtesy of Ridge Tool Company. 
EEE =| 
FIGURE 1-40 Copper mini-cutter. 


ft 


Courtesy of Ridge Tool Company. 
a | 


FIGURE 1-41 Medium-size copper cutter. 
ee 
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Courtesy of Ridge Tool Company. 
aa 


FIGURE 1-42 Quick-acting copper cutter. 
I) 


the pipe as a handle is turned clockwise to advance 
the cutting wheel through the pipe. The rollers and 
wheel are replaceable and are secured to the tool 
frame with specially designed screws or a metal se- 
curing clip. 


CAUTION 


ett ee error eee ee ee eee eee e seco eee eee eee, 


: from experience... ! 
- Most mini-cutters have a spare cutting : 
- wheel inside the bottom of the handle. : 
: A worn tool or loose wheel can cause : 
: the wheel to track improperly around d 

the pipe. : 


COPPER FLARING TOOLS 


A flaring tool flares the end of soft copper tubing 
to create a 45° angle that mates with a compatible 
brass flared fitting. A flaring tool is clamped around 
the copper tubing, and the flaring post is turned 
clockwise into the tubing to fold the tubing out- 
ward, creating the flare. Once the process is com- 
plete and the tool is removed from the tubing, the 
flared end abuts to the flared fitting and is tightened 
with a flare nut. Many codes dictate that copper 
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tube connections must have a flared joint for certain 
piping systems. This creates a durable joint that can 
handle vibration and light jolting without leaking. 
Most tubing cutters have a built-in reamer, which is a 
triangular metal accessory inserted into the tubing 
and twisted to remove the internal edge of the tube 
after cutting. The inside end of the tubing must be 
reamed with the reamer illustrated in Figure 1-41. 
The range of tubing that can be flared with a typ- 
ical flaring tool is 1/8” to 5/8”. Hammer-type flar- 
ing tools are available ranging from 3/8” to 2”, 
but are more common for larger pipe sizes used by 
utility contractors, not by residential plumbers. The 
ratchet type, a more expensive model, is shown in 
Figure 1-43. 


CAUTION 


(A) 


(B) 


Courtesy of Ridge Tool Company. 


FIGURE 1-43 Ratchet copper flaring tool. 


from experience... 


Be sure to slide the flare nut over the 
tubing before clamping the flaring tool 
around the tubing. 


eeceeereeseeeeey, 
See eereceeeeeecee 


COPPER TUBING BENDERS 


A copper tubing bender (Fig. 1-44) allows a 
plumber to create bends in copper tubes that are in 
tight spaces and to achieve a professional appear- 
ance. Because residential plumbing systems often use 
flexible tubing, the bending of copper tubing is not 
widely performed in the residential plumbing indus- 
try. However, this skill is required for many exposed 
connections such as sinks, tank-type toilets, and 
other equipment with a small-diameter water sup- 
ply. Soft copper tubing can kink if it is bent by hand 
with a too small radius, but the bending tool creates 
compact offsets. Numerous styles of tools are avail- 
able, but all of them secure the tubing to the tool 
and have a bending handle to complete the desired 
offset. Many tools serve pipe sizes ranging from 1/8” 
to 3/8", but others are for only one pipe size. The 
tubing is inserted into a grooved portion of the body, 
and the handle, which is also grooved, is used to 
manually achieve the desired bend. It will take prac- 
tice to ensure accuracy of a bend. A less expensive 


Courtesy of Ridge Tool Company. 
_——————— 


FIGURE 1-44 Copper tubing bender. 
[E] 
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spring bender is also available that looks like a metal 
spring and slides over copper tubing to minimize the 
copper from kinking when a bend is created. 


from experience... 


Bending exposed copper with a bending 
tool is a sign of craftsmanship and is 
beneficial when connecting water sup- 
ply tubing to fixtures such as one-piece 
toilets. 


eoceeereeeer ee seeeeeeey, 
Ce ocoooooooooooooo’ 


ett eeeeeececeeceeeeres eee eee e sees eevee * 
. 


TORCH REGULATOR 
ASSEMBLIES 


The most common method of connecting cop- 
per pipes is a welding process known as soldering. 
A typical torch assembly consists of a regulator that 
controls the amount of flammable gas to be ignited 
and a torch tip with an orifice designed specifically 
for the type of gas and torch assembly. Small one- 
piece torch assemblies that screw directly to a gas 
cylinder are more popular in the residential plumb- 
ing industry. They offer more mobility than three- 
piece assemblies that use a torch connected to a gas 
cylinder with a hose (Figs. 1-45 and 1-46). 


Most employers purchase gas cylinders and 
miscellaneous consumables required for an in- 
stallation, but they may also expect the plumber 
to own a torch regulator assembly. Use and safety 
concerns are directly related to the specific type 
of torch assembly and must be addressed even be- 
fore you connect the assembly to the gas cylinder. 
Check whether a fire extinguisher is present before 
igniting a torch, and pay close attention to the sur- 
roundings to ensure that no flammables or com- 
bustibles are present. Plumbers use solvent cement 
and primers to assemble plastic piping; both are 
dangerous to be present in a work area when an 
open flame is present. A precautionary step in- 
cludes soldering adjacent to plastic pipes that have 
been previously assembled to ensure the flame is 
aimed away from any flammable or combustible 
materials. An inexpensive tool known as a striker 
(Fig. 1-47), with a replaceable flint, is the only 
safe way to ignite the gas. Some torch tips or one- 
piece assemblies have an igniter built in and do not 
require a separate striker. 
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Courtesy of TurboTorch. 


FIGURE 1-45 One-piece torch assembly with 
igniter. 
_——————— 


Courtesy of TurboTorch. 


FIGURE 1-46 Three-piece torch assembly with 
igniter. 


Courtesy of Uniweld Products. 
IE] 


FIGURE 1-47 Torch striker. 
e sl 
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CAUTION 


CAUTION 


from experience... 


A residential plumber is best served with 
a one-piece regulator assembly to in- 
crease productivity. 


FLEXIBLE PIPE CRIMPING 
TOOLS 


Flexible water piping systems have replaced copper 
systems in many residential plumbing applications. 
Two primary methods are used to connect pipe and 
fittings. One method joins pipe and fittings with a 
crimping ring that slides over the piping; when the 
pipe is slid over a barbed fitting (Chapter 4), the 
ring is crimped in place with a crimping tool (Fig. 
1-48[A]). The other type uses a process that ex- 
pands the pipe with a tool that is inserted into the 
pipe end (Fig 1-48[B]). The process using either tool 
is quick and simple and has drastically increased 
productivity on a job site. The crimping tools are 
offered in several sizes; the most common are for 
1/2” and 3/4" pipes for single-family residential proj- 
ects. A dual-size crimping tool is available in addi- 
tion to the compact version for 1/2” and 3/4” pipe 
sizes (Fig. 1-49). The crimping tools require calibra- 
tion to ensure that an adequate crimp is achieved, 
so a crimp gauge is sold with each tool. The expand- 
ing tools are offered in manual, electric, pneumatic 


(A) 


Courtesy of Rostra Tools. 


(B) 


Courtesy of Upona. 


FIGURE 1-48 (A) Crimping tool. (B) Expanding 
tool. 


FIGURE 1-49 Compact crimping tool. 


(air), and battery-powered versions. They also have 
replaceable expanding heads for specific pipe sizes. 
Figure 1-48(B) shows a manual type with several 
different expander head sizes. 
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Courtesy of Mil 3. 


CAUTION 


: from experience... 


The crimping tool calibration gauge 
should be in your truck or other area 
away from your toolbox to prevent its 
damage or missing, and check your crimp 
installations frequently. 


oe we wwe eee eee ere eee ree eee ere ese reeves © 
. s" 
. 
. 
is 
. 


PLUMB BOBS 


A plumb bob (Fig. 1-50) is used to establish a ver- 
tical point of reference to a lower work area from 
an upper work area. A string is tied to the end of a 
plumb bob, which is then suspended from an upper 
location. When the pendulum action stops, it reflects 
a true vertical position. This is more accurate than 
transferring a vertical line using a level. For drilling 
holes, a plumber uses a plumb bob to establish the 
center of a pipe passing from one floor to another. 
Plumb bob can also be used to transfer a horizontal 
dimension from a wall or column to the center of a 
pipe being installed in a trench. 


et fe eeeeree eee e eee eee eee e eee eee esreeeeey, 


: from experience... 

- Wrap the string around a piece of wood 
to keep it organized between uses, or pur- 
chase a specially designed accessory for 
that use. 


FIGURE 1-50 Plumb bob. 
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CHALK BOXES 


A chalk box (Fig. 1-51) houses a string, called a 
chalk line, and chalk powder that is used to mark a 
straight line for layout or cut plywood boards. The 
chalk line is on a reel and is coated with chalk pow- 
der when retracted into the chalk box. Red and blue 
powders are most commonly used and are added to 
the box when needed. The external portion of the 
chalk line is tied to a metal tab, which is either held 
by another person or connected to a nail to create 
the starting point of the line. The chalk line is pulled 
taut against the work surface, and the user simply 
snaps the string to establish a mark. If a mark is re- 
quired for later use, a clear-coat spray can be ap- 
plied, so the line location becomes more permanent. 


CAUTION 


from experience... 


A chalk box can be used as a plumb bob. 
Keep the chalk box dry, or the chalk pow- 
der will become a paste, which will have 
to be removed and replaced. 


FIGURE 1-51 Chalk box. 


TORQUE WRENCHES 


A torque wrench (Fig. 1-52) is used to tighten 
clamps used for installing cast iron pipe as well as 
for tightening rubber transition connectors used 
for dissimilar piping. Two most common clamp 
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Courtesy of Ridge Tool Company. 
SSS Sa 


FIGURE 1-52 Torque wrench. 
ess] 


styles have 5/16” hex head worm-drive screws, and 
the torque wrench is designed for quick assembly. 
Extra-heavy clamps are used to connect no-hub 
cast iron pipe and fittings. These clamps are avail- 
able with 5/16” worm-drive screws and some hav- 
ing 3/8.” The average 5/16” clamp used to connect 
cast iron drainage piping requires 60 inch-pounds 
of pressure, and the 3/8” type clamp requires 
80 inch-pounds. The size specific torque wrenches 
only tightens up to that specification. The most 
common type of torque wrench features a T-handle 
design that ratchets (breaks away) when tightening 
is complete. They also have a feature within the de- 
sign to loosen an assembled connection. These tools 
are essential for commercial plumbers, but may not 
be needed in a residential plumber’s toolbox. 


CAUTION 


ett eeee reer eee eee reece seers eeeee reer eey, 


: from experience... } 
Using a drill with a nut driver bit can 

: overtighten and break a clamp, causing 

> an increase in material costs. If a clamp 


has multiple worm drives, tighten the nuts 
alternately. 


PERSONAL 
PROTECTION 
EQUIPMENT 


Safety is an attitude. Unfortunately, not all work- 
ers respect safety standards; however, the fact is that 
you are ultimately responsible for your own safety. 
An employer provides personal protection equip- 
ment (PPE). You should have any specific items your 
employer does not provide and any that your partic- 
ular job-site conditions warrant. The Occupational 
Safety and Health Administration (OSHA), the 
safety division of the U.S. Department of Labor, reg- 
ulates safety standards for the workplace. The con- 
struction industry is regulated by OSHA Standards 
29 CFR Part 1926 (Safety and Health Regulations 
for Construction). The information in this chapter 
focuses on items relating to hand tools; other safety 
information will be included when relevant through- 
out this book. Ear protection is an important PPE, 
especially when using power tools. As with all safety 
equipment, ear protection will be discussed when 
most relevant. PPE relevant to hand tools are listed 
here and then explained individually. 


e Eye protection 

e Face protection 

e Hand protection 

e Knee protection 

e Foot protection 

e Inhalation protection 
e First aid kit 

e Hard hat 


EYE PROTECTION 


Eye protection is one of the most frequently found 
items on a residential job site. Two common types 
of eye protection are eyeglasses (Fig. 1-53) and eye 
goggles (Fig. 1-54). OHSA must approve all PPE, 
and an employer must provide them when the po- 
tential for danger exists. Safety glasses and goggles 
approved by OSHA are listed in American Na- 
tional Standards Institute (ANSI) and identified as 
Z87.1 or simply Z87 (Fig. 1-55). This identification 
must be readily accessible for review and is located 
on the frame of the safety glasses. Be sure to locate 
the identification before assuming you are wearing 
proper eye protection. Goggles have an adjustable 
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lenses when you are not wearing the glasses. Be sure 
to clean the lenses before placing the glasses over 
your eyes. Shaded lenses are available for using out- 
doors, but should not be worn while working in- 
doors. Scratches on lenses can obstruct your vision 
and create an unsafe working condition. 


Purchase an eyeglass holder similar to ones sold 
for prescription glasses to protect the lenses when 
you are not using the glasses. If you wear prescrip- 
tion glasses, either wear goggles over your glasses or 
purchase side shields for your prescription glasses. 
Not all prescription glasses are acceptable as safety 
glasses; they must be approved before proceeding 
with any work. 


CAUTION 


eececeeec ree eee eee eee eee eee reese eee ee eee, 


from experience... 


Most glasses are sold in a plastic bag. 
You can cover the exterior of the bag with 
duct tape to create a slip-in case to store 
your safety glasses. 


Photo by Bill Johnson. 


FIGURE 1-54 Safety goggles. 


eoereerececeeeeeeeeey, 
Se eee eeecee eee eecee 


FACE PROTECTION 


MUST BF IDENTIFIED Though face protection is more common in the 


SOMEWHERE ON FRAME 


TO BE OSHA APPROVED residential industry when removing concrete with 

power tools, it may be necessary for particular tasks 

> OO OUO) on a job site. A full-face shield (Fig. 1-56) is most 
FIGURE 1-55 Z87 identification. commonly used for protecting your face from fly- 


ing debris. It is sold with an adjustable headgear 
to be either placed on your head or fixed directly 
to a hard hat. Most types allow the user to lift the 
lens area upward between uses. They have clear 
lenses that must be kept clean and replaced when 


strap that is placed over the head, and many styles 
have ventilation holes on the top of the frame to 
keep the lens from fogging. 


Drill shavings and concrete dust can collect scratched. The shield is usually sold separately from 
on the brim of a hat or hard hat and should be re- the headpiece in a plastic protective bag that can 
moved before taking off your eye protection. Oth- be placed over the lens when it is not in use. Most 
erwise, this debris could fall into your eyes after job sites still require eye protection to be worn un- 
removing your eye protection. A neck strap is often der the full-face shield, and, if it is not required, it is 


used with safety glasses, and debris can settle on the recommended. 
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ae a | 
FIGURE 1-56 Full-face shield. 


CAUTION 


ett e eee eee eee eee ee ee ese eee eee 


: from experience... 


Make a face shield protective storage 
cover with a small cloth towel, folded in 

: half and sewn together or by covering the 
plastic bag sold with the shield with duct 
- tape to create an envelope-shaped cover. 


eoceeeceeey, 


eeeeee ® 


Sewer eceereeeee 


eeoeceoerec ere see eco ree eee eee eee ee eeee ® 


HAND PROTECTION 


Gloves may seem cumbersome when working with 
small plumbing items, but they must be worn when 
necessary to protect you from injury. Metal piping 
and sheet metal can cause serious lacerations, and 
hot surfaces can cause burns. Gloves are most of- 
ten made of leather (Fig. 1-57) or cotton. Having a 
pair of each kind allows you to wear the one most 
suited for a particular task. Small cuts and scrapes 
can allow chemicals used in the plumbing industry 
to enter your bloodstream. Most leather and cotton 
gloves protect only up to your wrist. Engineer-style 


Courtesy of Memphis Glove. 
[R] 


FIGURE 1-57 Leather gloves. 
A) 


FIGURE 1-58 Grip gloves. 


gloves provide more protection than cotton gloves 
and protect the wrist area as well, but they are diffi- 
cult to wear when assembling small plumbing items. 
Wearing gloves that do not provide proper grip dur- 
ing certain tasks can be unsafe. Non-slip gloves have 
rubberized dots applied to their exterior, which are 
useful when additional grip is required (Fig. 1-58). 
Surgical gloves or other rubberized gloves should be 
worn when working around existing plumbing fix- 
tures, especially if sewage or blood is present. 
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Courtesy of Memphis Glove. 


CAUTION 


from experience... 


Purchase mesh glove liners. Wear them 
under protective gloves to provide 
warmth in cold weather. 


KNEE PROTECTION 


Plumbers spend a lot of time in a crouched position 
and often on their knees. Padded kneepads (Fig. 
1-59) should be worn to prevent bone and joint in- 
jury. Kneeling on sharp objects can cause them to 
penetrate your skin and chip your kneecaps. Most 
kneepads have Velcro straps to adjust to your leg 
girth and go around your work pants. The padding 
inside provides comfort, and many have a hard ex- 
terior shell to protect you against sharp objects. Sev- 
eral styles are available; purchase a quality pair to 
ensure that they are comfortable. 


eoceee eee reece eee eee eee eee eee eee eee eee ey 


: from experience... 


Knee protection pads might not be part 
- of an OSHA requirement of an employer. 
Purchase them yourself to avoid future 
medical problems. 


Courtesy of Allegro Industries. 


FIGURE 1-59 Kneepad. 
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FOOT PROTECTION 


Safety shoes or boots must be worn, and a steel-toed 
version may be required on a specific job site or by 
an employer (Fig. 1-60). Numerous acceptable styles 
of footwear are available, and an employer usually 
dictates which can be worn. Many plumbers wear 
boots that lace up to the lower or middle portions of 
the shin area. Athletic shoes do not provide adequate 
protection. Nails and screws are present throughout 
a job site, and many wood boards that have been 
removed from a structure still have exposed nails. 
Even the best footwear will not stop a nail from pen- 
etrating its sole and causing foot injury. 


CAUTION 


eeee 


: from experience... 


Because you spend at least one-third of 
your day wearing work boots or shoes, 
: purchase high-quality safety footwear 
-and consider steel-toe even if it is not 

- mandatory. 


CC i 


ee 


FIGURE 1-60 Stceel-toe work boot. 
| 


INHALATION PROTECTION 


Job sites are often dusty, and drilling into concrete 
can create airborne particles and dust that can be 
inhaled and can cause lung problems. Therefore, 
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FIGURE 1-61 Dust mask. 


inhalation protection is needed. A simple paper 
mask (Fig. 1-61) may be sufficient to prevent in- 
halation of most construction-related particulates. 
When working with chemicals or solvents, read all 
the safety precautions and data included on product 
labels and use appropriate inhalation protection. 
OSHA mandates that for every harmful substance 
used a Material Safety Data Sheet (MSDS) be avail- 
able for review by every worker on a job site. You 
should review the data provided to ensure that you 
have adequate inhalation protection and that you 
know and follow the safety procedures. Dust masks 
do not protect an employee from chemical or other 
harmful substances and are considered nuisance 
masks. 


FIRST AID KIT 


The current residential plumbing industry is fairly 
mobile because installations do not require con- 
tinued presence in a single workplace. Therefore, 
main assembly areas are not common. On large 
projects, there may be a construction trailer or of- 
fice with a master first aid station. A small first aid 
kit (Fig. 1-62) should be readily available in every 
work vehicle or for every work crew. Single-use eye 
wash bottles, small bandages, a tourniquet, surgical 
gloves, wound cleanser, and antibacterial ointment 
should be included in a portable first aid kit. Basic 
first aid procedures, location of the nearest medical 
treatment facilities, and emergency phone numbers 
should be written inside a first aid kit. If basic first 
aid is not part of an employee training program, you 
should learn it on your own. If a co-worker is bleed- 
ing, be sure to protect yourself with surgical gloves 
before providing assistance. A typical portable first 
aid kit meets ANSI Z308.1 standards. 


Courtesy of Gerson. 


Courtesy of Custom Kits Company, Inc. 


FIGURE 1-62 Portable first aid kit. 


CAUTION 


: from experience... 


People working on a construction site 
should carry spare finger bandages in 
their wallets for quick use. If adhesive first 
aid tape is not readily available, wrap duct 
tape around a sterile first aid gauze pad 
to maintain pressure on a wound until ad- 
- equate medical supplies and attention are 
provided. 


eoc5vecee 


eoeeeeeee 
eveee 


eoeeceeeee 


HARD HATS 


Residential single-family construction plumbers are 
usually not required to wear hard hats, but each 
employer or job-site coordinator has to make that 
decision. It is more likely that employees would be 
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Courtesy of Bullard. 
——— E] 


FIGURE 1-63 Hard hat. 
a 


expected to wear hard hats (Fig. 1-63) on multi- 
family residential construction job sites because of 
having the numerous floors above the lowest work 
areas. Though most job sites have safety personnel 
to ensure that hard hats are worn, it is ultimately 
the responsibility of the employee to wear one when 
required. Hard hats are available in numerous styles 
and various colors. Stickers, company logos, and ap- 
proved accessories can be placed on a hard hat, but 
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the shell cannot be altered, which will violate OSHA 
regulations. Hard hats must meet ANSI Z89.1 stan- 
dards. All hard hats have an internal head rest to 
raise the hat off the top of your head, and all are 
adjustable to fit your head size. All hard hats must 
be worn correctly and according to manufacturer 
instructions. 


SUMMARY 


e Hand tools are required for installing various 
parts of a plumbing system. 


e A plumber might be responsible for purchasing 
hand tools. 

e Specialty hand tools are required more often for 
repair than for new installation work. 

e Everyone on a job site is responsible for safety. 

e Personal protection equipment (PPE) is usually 
provided by an employer. 

e A Material Safety Data Sheet (MSDS) lists all 
safety hazards and medical attention require- 
ments for a specific product. 


e An MSDS must be available for all hazardous 
products and kept on file at the job site. 
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Lee) Jee 
Most plumbing levels offer Q VERTICAL HORIZONTAL 
three options for achieving USE USE 45° USE 


levelness; contour the air 
bubble within the lines. 


en Cr wou | 


B) On sloped piping, the B) 
air bubble will touch the 
lines or go past the lines, 


depending on the amount 
of slope on the pipe. 


© On a horizontal pipe, © SIDE VIEW 
place the level on the pipe 
that is being installed as 
level, and read the middle PIPE 
tube. Adjust the pipe as 


required. 


CO — O ¢ Om 


On a vertical pipe that is 
being installed as straight 
(plumb), place the level 
on the pipe and read the 
appropriate leveling tube 
(top in this view). Adjust 
the pipe as required. 


On a pipe that is being 
installed in a 45° position, 
place the level on the pipe 
and read the appropriate 
leveling tube (bottom in 
this view). Adjust the pipe 
as required. 


Set the distance of the 
slope adjustment screw 
based on the desired slope 
per foot of pipe. Place 
the level on the pipe, and 
read the middle leveling 
tube. Adjust the pipe as 
required. If the length of 
the level is 24” and the 
slope is 1/4” per foot, the 
set distance of the slope 
adjustment screw is 1/2”. 


CHAPTER 1 


SIDE VIEW 


SIDE VIEW 


Plumber’s Toolbox 


31 


32 SECTION 1 Tools and Materials 


Plumbers rarely use 
dimensions that are 
reduced to less than 1/8” 
increments. Use a tape 
measure in all 1/8” and 
know that: 


1/4” is also 2/8”. 
1/2" is also 4/8”. 
3/4" is also 6/8”. 
1” is also 8/8”. m j ap" | se" | 7h" 


a a n 
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To figure angles, place the 

end of the wooden rule 

on a given number. For 

example, if you place the N 

end on 23”, the offset of g D 

the first 6” portion of the Ce Cay 

rule will be 45° from the EEN 
second 6” portion of the 

rule. 


> 


You can fold the rule SIDE VIEW 
back to a compact form 

or leave it at a desired 

length, but do not move 

the first 6” portion, which 

remains at a 45° angle. 

You can use this to lay out 

offsets in a piping system 

or on a floor, wall, or 


ceiling. 


Other angles can be 
achieved using the same 
method but with different 
Starting points. 


Angle of First 
Starting Point 6” Portion 
23-3/4" 22-1/2° 
23” 45° 
22-1/4" 60° 
20-1/4" 90° 
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Framing Square Layout 


To lay out an angle using A) PLAN VIEW 
a framing square, place 

the square against a 
wall or other established 
point. With the framing 
square positioned at 12” 
away from the wall, use 
the following chart to 
determine the angle of x E FRAMING 
the pipe based on the x ' SQUARE 
distance from the framing ` 

square to the offset. 

Measure this distance 

along the wall. 


(B7 Other angles can be 
achieved using different 


dimensions. 


DISTANCE ALONG WALL 


Distance along Wall Angle 
29” 22-1/2° 
12” 45° 
7” 60° 
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Regardless of the actual 
position at which you are 
using the two wrenches, 
the farther they are spread 
past a certain point, the 
more your strength is 
minimized. In the position 
illustrated, the maximum 
spread is from 10 o'clock 
to 2 o'clock. 


This illustration shows the 
maximum spread from 
4 o'clock to 8 o'clock. 


MAxımum sPREP® 
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PROCEDURE 1-6 


Plastic Pipe Cutting 


Small-diameter pipe can Q SIDE VIEW 
usually be cut through in STRAIGHT 
one pass without rotating CUT 
the pipe. 


INCORRECT CUTS 


If preferred, rotate the © ISOMETRIC VIEW 
pipe as you partially cut 
it until the starting point 
and ending point connect 4 ROTATE PIPE 


sa 
MOTION 


to ensure a straight cut. pee 
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The head swivels to SIDE VIEW 
allow for tightening 

and loosening. The ee a 
handle is adjustable | 

to accommodate the 

various heights required. 

A T-handle slides through 


the tool, but is not 
removable. 


PUSH IN BUTTON 
TO ADJUST 
HEIGHT 
ADJUSTMENT 


T-HANDLE 


HANDLE SLIDES 


Once the height is 
adjusted and the head is 
rotated for the desired use 
(to loosen in this photo), 
use one hand to apply 
rotation. 
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REVIEW QUESTIONS 


1. Safety is the responsibility of 
a. A company safety officer 
b. My co-workers and me 
c. A project supervisor 
d. All of the above are correct 


2. Atypical plumber’s level is used to 
install piping 
a. In the 45° position 


b. In the vertical and horizontal 
positions 


c. With slope (grade) 
d. All of the above are correct 


3. A level for checking accurate pipe 
slope has a 


a. Jack screw 

b. Magnetic strip 
c. Protective case 
d. Handle 
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4. Two types of squares used for 


layout and marking boards to cut 
are a framing square and 


a. A metal square 

b. An aluminum square 
c. A speed square 

d. A plumber’s square 


. A25 retractable tape measure is 


the most common type, but for 
long distances it is best to use 


a. A 30’ type 

b. A wind-up type 

c. A folding type 

d. None of the above is correct 


. A multi-purpose screwdriver 


provides a Phillips and a slotted 
head bit and 


a. A 1/4” nut driver 

b. A 5/16” nut driver 

c. 1/4” and 5/16” nut drivers 
d. A 3/8” nut driver 


Pliers are an essential tool for 
plumbers, and the most popular 
type is the 


a. Angled jaw 
b. Combination 
c. Locking 

d. Needle nose 


Pipe wrenches are used for 


threading pipe and fittings 


together, and the most commonly 
used sizes are 


a. 8” and 14” 

b. 18” and 24” 
c. 12” and 18” 
d. 14” and 24” 
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9. To work with finished surfaces, use 13. The OSHA approval identification 

a strap wrench or a for safety glasses is ANSI 
a. Smooth jaw pipe wrench a. Z87 
b. Chain wrench b. Z78 
c. Standard pipe wrench c. 87Z 
d. Locking pliers d. 78Z 

10. Plastic piping is cut with a plastic 14. A chalk box uses a string and 
pipe saw, plastic pipe-cutting chalk powder to mark a line in 
tool, and either 
a. Compass saw a. Green or yellow 
b. Wallboard saw b. Red or blue 
c. Inside pipe cutter c. Blue or green 
d. None of the above is correct d. Red or yellow 

11. The tool to install a faucet under a 15. To review safety information 
sink is called a about a product, refer to 
a. Sink wrench a. MSDS 
b. Basin wrench b. SDSM 
c. Faucet wrench c. DSMS 
d. Pipe wrench d. SMSD 


12. Tools commonly used when 
working with copper are the tubing 
cutter, tubing bender, and 


a. Flaring tool 

b. Torch regulator 

c. Torch striker 

d. All of the above are correct 
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CHAPTER 


identify and describe power tools a plumber use power tools in a safe and appropriate 
often uses. manner. 


identify which drill or saw to be used relevant to know the proper personal protection equipment 
the work location. (PPE) required for power tools. 


identify which drill bit or saw blade to be used 


relevant to a system installation. 
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Allen screw a size-specific 
screw used to secure drill bits 
and saw blades to their operating 
component; requires a compatible 
Allen wrench to loosen and 
tighten 


bit an abbreviated term to 
describe a drill bit 


chuck the rotating portion of a 
hand drill in which a drill bit is 
inserted 


chuck key a tool designed to 
loosen and tighten the drill chuck 


GLOSSARY OF TERMS 


flashing a weather-tight sealing 
component installed around vent 
pipes penetrating a roof 


floor joist a horizontal wood 
board used to support plywood or 
other flooring material 


lanyard an approved shock- 
protective line attached to a 
safety harness and fixed to a 
secure point or lifeline rope 


OSHA Occupational Safety and 
Health Administration; mandates 
safety and health regulations 


shank the portion of a drill bit 
that is secured in a drill chuck 


wall stud vertical wood board 
or other material used to build a 
wall 


41 
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ower tools increase productivity for 

specific tasks as well as entire proj- 

ects. Every trade involved in building 
construction uses some power tools that are 
trade specific and others that are not trade 
specific. Residential plumbers use power 
tools to cut and drill wood more often than 
commercial plumbers, but both of them use 
power tools to work with concrete. Battery- 
operated power tools increase productivity, 
but batteries must be charged frequently, 
and tools are not available to complete ev- 


ery task. 


A power tool acts as a vehicle to perform 
a task; sharp cutting or drilling accessories 
are what makes this tool productive. Em- 
ployers will expect you to know the basic 
types and uses of the drill bits, saw blades, 
and other accessories that are discussed in 
this chapter. Many of the safety equipment 
discussed in Chapter 1 are also relevant for 
power tool use. Other safety concerns are 


addressed throughout this chapter. 


Each drill type is described separately 
to clarify its use. Saw blades are discussed 
within each relevant tool description. Some 
tools and equipment such as portable band 
saw, grinder, jackhammer, powder-actuated 
tool, and air compressor may not be 
used frequently, but they are discussed so 
that you will be able to operate them safely 
on a job site. Cutting edges must remain 
sharp, both for safety measurement and for 


increased productivity. 


GENERAL SAFETY __ 


Safety is always a priority in a work area. Using 
power tools elevates the risk of serious injury for 
both their users and everyone working near a power 
tool must be aware of flying debris and unsafe op- 
eration. Safety is the responsibility of everyone on 
a job site; you must be aware of the unsafe condi- 
tions and must notify a supervisor if they cannot be 
corrected immediately. Safe use of power tools also 
includes workers being prepared for unexpected 
occurrences on a construction site. 


Plumbers often use power tools while working 
in confined areas and from ladders. Even the most 
experienced power tool users must be prepared for 
any reaction of a tool during its operation. For ex- 
ample, a knot in a wood board can cause a power 
tool’s abrupt and violent reaction. This chapter dis- 
cusses safety concerns for each tool described, but 
the actual location in which a power tool is used 
on a job site determines most safety-related issues. 
A safe approach to using power tools includes po- 
sitioning your body in relation to how the tool will 
react if an unsafe condition develops. Because elec- 
tric power tools use motors, they create airflow to 
cool the tool during operation, which causes air- 
borne dust and debris. Using eye and face protec- 
tion is crucial to avoid personal injury resulting 
from dust and debris. 


ELECTRICAL SAFETY 


Electrical power tools are connected directly to a 
power source, so they should never be used un- 
der wet conditions. OSHA requires using a ground 
fault circuit interrupter (GFCI), typically called a 
GFI on a job site, everywhere an electrical power 
tool is used. Many job site activities occur when a 
building is not protected from weather. If puddles 
are present, do not route extension power cords in 
or through them. If it is raining or snowing, do not 
begin or continue to work in the area, and place the 
tools in a dry place. If any power tool gets wet, have 
it inspected by proper authorities or service person- 
nel before placing it back in service. Most contrac- 
tors use separate GFI cords (Fig. 2-1) rather than 
long power cords with a GFI end, so cord replace- 
ment is not as expensive. A GFI must be tested with 
a portable GFI tester frequently to ensure proper 
protection. GFCI has a reset button and a test but- 
ton to manually check if the mechanical aspect is 
functioning, but that test does not indicate whether 
it will work under unsafe conditions. 
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Courtesy of Coleman Cable. 
———E—E—EEE————E——————— Eos 
FIGURE 2-1 Ground fault circuit interrupter. 


CAUTION 


eoececec eee eee eee eee eee eee ee eee eee eee eey, 


from experience... 


Purchase a GFCI tester at a local electrical 
wholesale supply outlet or a home center. 
: The tester simulates a malfunctioning tool 
«and activates the interruption capabili- 

- ties of the GFCI receptacle, which can be 
manually reset. OSHA also performs the 
same test when inspecting a job site and 

: can impose a penalty if faulty GFCI equip- 

- mentis used. 


LADDER SAFETY 


Working from a ladder may expose you to serious 
injury or death. Using power tools while working 
on a ladder increases the risk. Drills can react vio- 
lently when an obstruction is encountered, caus- 
ing loss of balance. Weather can also play a role in 


CHAPTER 2 Power Tools 43 


safely working from a ladder. Mud on the soles of 
work boots, wet surfaces of the steps, and ladders 
placed on unstable or wet ground are all safety 
concerns. Stepladders (Fig. 2-2), usually 6’ or 8’ 
for residential construction, are usually intended 
for interior work. A worker should not stand on 
the top of a stepladder—it violates OSHA regula- 
tions. All ladders have a maximum weight limit, 
so the weight of materials and tools must be cal- 
culated with your body weight as the total weight 
load. Plumbers use an extension ladder to climb 
on a roof to install flashing around vent pipes that 


Courtesy of Louisville Ladders. 
ee 


FIGURE 2-2 Stepladder. 
G SSE aa] 
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FIGURE 2-3 Extension ladder setup. 


terminate through a roof. An extension ladder 
(Fig. 2-3) must be set up so the top of the ladder 
must be at least 3’ above the point where the lad- 
der contacts the roof edge. Setting the angle of the 
ladder in relation to the ground is important to 
ensure a safe climb to the top. The bottom should 
be placed out a distance approximately one-fourth 
the length of the extended ladder to ensure that a 
safe angle is established (Fig. 2-4). For example, if 
the ladder is extended 20’ from the ground to the 
top of the ladder, the bottom of the ladder should 
be around 5’ from the wall or other structural ref- 
erence point the top of the ladder touches. To de- 
termine the distance mathematically, divide the 


CAUTION: OSHA regulations are sometimes 
revised, so always stay updated on the current 
regulations and revisions by contacting the Labor 
Department in your state. 


LADDER 


GRIP RUNG OF 
LADDER WITH ARM 


BACK 
STRAIGHT 


PROPER 
ANGLE 
FOR 
CLIMBING 


FOOT CENTERED 
ta ON LADDER 


FIGURE 2-4 Extension ladder angle. 


height by 4 to arrive at the distance from the wall 
of vertical surface the ladder rests (example of 
20 feet extension = 20 + 4 = S feet). 


CAUTION: Never leave tools or materials on 
the top of a stepladder. The items could fall and 
cause injury. 


et FF eee eeeeree reer sree eeee eee eee eeeeseey, 


: from experience... 


-Clean the bottom of your work shoes be- 
fore climbing a ladder, but do not clean 
them using the steps of a ladder. Place 

a clean piece of plywood or cardboard a 
few feet away from the base of the ladder 
to use it as a stepping location after your 
work shoes are cleaned and before step- 
ping on the ladder. 
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FALL PROTECTION 


OSHA dictates that fall-protection measures must 
be based on the type of work performed and the 
location of a specific task. Whenever you work at 
a height 6’ or more above the ground, OSHA man- 
dates using fall-protection methods. The most com- 
mon fall-protection components are a body harness 
and a securing lanyard (Fig. 2-5). A lanyard is se- 
cured to a fixed point or connected to a lifeline, 
which is an approved rope or metal cord fixed at 
two secure points to provide mobility while work- 
ing. Not all locations can accommodate a body har- 
ness, and the lanyard that connects the harness to a 
fixed point can actually hamper your ability to per- 
form safely in some situations. If a body harness is 
not feasible, use other protective measures such as 
handrails or safety nets. Choosing the type of fall 
protection is the responsibility of both the employer 
and the employee. 


CAUTION 


LANYARD 


GQ 


LANYARD, SHOCK ABSORBING 


BODY BELT 


LIFELINE 


FIGURE 2-5 Fall-protection components. 
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: from experience... 


Safety training programs, typically known f 
as "tool box talks,” can be purchased, but ' 
information about specific safety items 

is free where you purchase safety equip- 
ment, OSHA, or via the Internet. 


EAR PROTECTION 


Personal protection equipment (PPE) discussed in 
Chapter 1 is relevant when using power tools. Ear 
protection is one of the items that protect you against 
long-term injury. Because damage to your inner ear 
may not be apparent until several years after you ac- 
tually perform work, you should appreciate why 
workers are encouraged to wear earplugs or earmuffs. 
Many styles of earplugs (Fig. 2-6) are available; 


ete eee eee eee rere eee eee eee eee ee eee eee eg 
. 


from experience... 


A ringing sound in your ears during or after 
power tool use is a sign of inadequate hear- 
ing protection. Soft foam earplugs are dis- 
posable. Purchase them in large quantities 
to have an adequate supply on a job site. 


Courtesy of North Safety. 
E) 


FIGURE 2-6 Earplugs. 
N) 
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Courtesy of E.A.R. Inc. 
[E] 


FIGURE 2-7 Earmuffs. 
es 


some are soft foam, others are rubberized. Earmuffs 
(Fig. 2-7) provide the best protection when working 
with a jackhammer or other loud power tools. 


DRILLS 


A drill is essentially an electric motor housed within 
a tool design. The motor is manually activated to ro- 
tate an internal shaft connected to a drill bit chuck 
that rotates a drill bit. The drill bit is secured in the 
chuck with a specialty tool called a chuck key. Drills 
have various amounts of horsepower and a forward 
and reverse rotating feature; many have variable 
speed adjustments or at least have a high and low 
speed adjustments. Drills bore holes in various mate- 
rials including wood, concrete, and steel. Many drills 
are designed for specific uses; some have multiple 
uses. Three drills plumbers often use to drill wood 
products are the pistol, the right angle, and the hole 
hawg. Plumbers often bore large-diameter holes 
to install drainage and vent piping through wood 
boards. This, along with the location of a hole, helps 
dictate the drill selection. As with all power tools, all 
PPE must be worn when operating a drill. 


Safely using a drill usually requires holding it 
close to your body, rather than extending your arms 
too far away from your body. The position of your 
body in relation to the drill is important to ensure 


that you do not become trapped in the workspace if .+ 


the drill bit encounters an obstruction and your fin- 
ger cannot be quickly removed from the activating 
control (trigger). Operating a drill over your head 
or in front of your face can be dangerous. However, 
many job sites require you to work in difficult po- 
sitions, so you must become comfortable with each 
drill type and its use before working in that manner. 
Knowing how the drill will react if it encounters an 
obstruction is as important as knowing the correct 
body position. Proper training is important, which is 
usually the actual working experience with drills on 
a job site. You must always notify a supervisor if you 
are inexperienced with a specific tool or when you 
are uncomfortable drilling in a certain workplace. 


Most drills have a removable side handle or top 
handle that must be installed in one of various des- 
ignated locations on the tool prior to using. It is easy 
to overlook installing the handle before use, and, in 
many instances, the handle can conflict with the 
proper drilling of a hole. Selecting a different drill 
or bit can solve this problem. Productivity should 
never take priority over safety; getting injured only 
reduces productivity. Every time you use a power 
tool, remember that you are holding a dangerous 
tool that could cause serious injury or even death. 


CAUTION 


CAUTION 


ee ee ey 


from experience... 


Using a drill with fully extended arms is 
unsafe. Keep arms partially bent and close 
to your body so that your torso strength 
can help control the drill's power. 


eet e reece erece reece eee ees esc ere eee ses e® 
ee 
. 
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Courtesy of Milwaukee Electric Too! Corporation. 


FIGURE 2-8 Right angle drill. 


RIGHT ANGLE DRILL 


Working space between two floor joists or wall 
studs is typically a maximum of 14-1/2". There- 
fore, the best selection to drill holes for plumb- 
ing piping is a right angle drill. A right angle drill’s 
(Fig. 2-8) chuck is placed at a 90° or right angle 
from the body of the tool. Most right angle drills 
allow the user to rotate the placement of the chuck 
360° to adjust to any workspace. Its large body al- 
lows a user to grasp it firmly with both hands, and 
its removable side handle can be located in several 
places on the tool. Its low-speed operation, com- 
pared with other drills, minimizes the violent reac- 
tion that can occur when encountering obstructions 
such as hidden nails or knots in the wood. 


CAUTION 


: from experience... 


A right angle drill is usually the best selec- 
tion when installing plumbing in a new 
house because of its options in adjusting 
the chuck location. 


. 
oe fw te eee eee ere reese eeesreee sees eee seee® 
oor? 
sė 
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PISTOL DRILL 


A pistol drill (Fig. 2-9) gets its name because of its 
design, which looks like a handgun. It is typically not 
used to drill large-diameter holes because of its small 
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body size. Doing so would be unsafe and would ex- 
pose the user to wrist injury if the tool reacted to 
any obstruction in the work area. Larger versions of 
this tool are available that can be used for drilling 
larger-diameter holes. Plumbers widely use the pis- 
tol drill to install wood blocks for supporting pipes 
or fixtures and to drill small-diameter holes through 
steel or thin materials. This power tool can also be 
battery powered, which can often increase produc- 
tivity. The most common style is the 1/2” type, which 
can handle larger-diameter drill bit shanks used 
with other drill types; it offers more power for drill- 
ing holes than the 3/8” type. The smaller 3/8” type is 
limited to use with twist bits (Fig. 2-13) and other 
small-diameter shank-fastening accessories. 


CAUTION 


: from experience... 


A pistol drill can drill a small-diameter 
hole, known as a pilot hole, to assist in 
guiding large-diameter bits used with 
other drill types. 


Courtesy of Milwaukee Electric Tool Corporation. 


FIGURE 2-9 Pistol drill. 
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HOLE HAWG 


Another right angled drill, known as a hole hawg 
(Fig. 2-10), has a fixed drill chuck position tucked 
further in its body for drilling in tight spaces. It is 
a compact and powerful drill that drills through 
wood easily, which increases productivity. How- 
ever, this tool can be difficult to control if an ob- 
struction is encountered. As with all power tools, 
users must be comfortable with drilling opera- 
tions and tool reactions while working on the 
floor before attempting to work from a ladder. 


Courtesy of Milwaukee Electric Too! Corporation. 
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FIGURE 2-10 Hole hawg drill. 
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Drilling wall studs and floor joists is often done 
from a ladder, and users can easily lose their bal- 
ance. It is vital to use this drill close to your body 
with stable body positioning to maintain control 


of the drill. 


CAUTION 


HAMMER DRILL 


Plumbers often anchor supports to install piping 
or fixtures into concrete floors, walls, and ceilings. 
Drilling into or through concrete requires a ham- 
mer drill (Fig. 2-11). Many small pistol-type drills 
hammer as they rotate, whereas the most produc- 
tive tools for drilling concrete are specially de- 
signed for that purpose (Fig. 2-12). A hammer drill 
rotates as it hammers to act like a spinning chisel. 
Metal rods known as rebar or metal mesh material 
are installed to strengthen concrete. If a drill bit 
encounters this metal while drilling, the tool can 
react violently and cause injury to your wrists and 
hands. However, some hammer drills have a safety 
feature that allows the drill bit to remain lodged in 
a hole and the drill to remain stable even when the 
tool is still activated. 


ae |) 


Courtesy of Milwaukee Tool Corporation. 


FIGURE 2-11 Hammer drill. 
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FIGURE 2-12 Hammer drill use. 


CAUTION 


DRILL BITS 


Current residential plumbing installations require 
drilling, cutting, and notching activities. Many 
drill bits and saw blades are designed for specific 
purposes, and others have various uses. Certain 
types are more common than others, based on the 
product and location of the holes being drilled. 
Drilling holes requires sharp bits. Many bits can 
be manually sharpened, whereas others are dis- 
carded when they are worn or damaged. Dull bits 
decrease productivity and can damage the mo- 
tor of a drill. A plumber may be responsible for 
providing drill bits on a job site to ensure that 
they are not abused by drilling through nails and 
screws. Nails must be removed from drilling areas 
to prevent damage to bits and drills and to avoid 
injury when a drill reacts violently. Eye protection 
must be worn when drilling holes, and, depend- 
ing on the work performed, ear protection may be 
needed. Because certain drilling locations may re- 
quire longer bits than are available, shaft exten- 
sions are used for many drill bit types. Concrete 
bits are sold in various lengths, so using shaft ex- 
tensions is not common. 
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Saw blades are available in various styles 
and lengths, and each power saw has a specific 
blade type. The blade selection for each tool is 
based on the type of material being cut and the 
length or diameter of blade needed to achieve 
a safe and accurate cut. A plumber uses recip- 
rocating saw blades more often than any other 
power saw. Many saw blades have multitask or 
general purpose. Each blade’s cutting capabili- 
ties vary and must be known before assuming 
that a specific saw blade can be used on a spe- 
cific material. 


The most common drill bit and saw blade types 
in the residential plumbing industry are listed and 
then explained individually: 


e Twist bit 

e Auger bit 

e Speed bit 

e Power bore bit 
e Hole saw bit 

e Masonry bit 

e Step bit 


TWIST BITS 


Twist bits are often called metal bits because they 
are designed primarily to drill holes through metals; 
they can also be used to drill holes in wood, fiber- 
glass, and plastic materials. They are sold separately 
or in a set known as a drill index (Fig. 2-13), which 
includes various drill bit sizes. A typical large index 
consists of bit sizes from 1/16” to 1/2” with sizes in- 
creasing in increments of 1/16”. They may require 
sharpening after several uses and should not be 
forced through the material being drilled, because of 
their brittleness. They are used primarily with a pis- 
tol drill but are compatible with most drill chucks. 
Twist bits are often used to drill a hole, known as 
a pilot hole, to guide larger drill bits in a specific 
location. 


CAUTION 
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FIGURE 2-13 Twist bit indexes. 
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from experience... 


Drilling through stainless steel or other 
thick metals usually requires special 
drilling lubricant (cutting oil) to avoid 
damage to the bit and to expedite the 
drilling process. 


AUGER BITS 


Auger bits (Fig. 2-14), which are very produc- 
tive, are specifically designed to drill through 
wood products. Called self-feeding bits, they 
shave the wood as they progress into the drill- 
ing area. The tip or center point of the bit has 
a non-replaceable threaded self-feeding worm 
drive (Fig. 2-15) that pulls the bit through the 
wood. Two of the threaded-worm-drive center 
points are classified as coarse and fine thread. 
The worm drive must remain sharp to be pro- 
ductive. The wood shavings are guided out of 
the hole through the spiral shank known as a 
flute and are discarded in your work area. They 
are available in various diameters and lengths, 
and shaft extensions are used if an available bit 
is too short to perform a task. A plumber typi- 
cally uses 3/4” to 1-1/4" sizes in 6” to 12” lengths. 
They are used for installing water piping systems 
and are very useful when drilling through exte- 
rior boards to install hose faucets and for drill- 
ing other thick wood structures. 


Courtesy of Milwaukee Electric Too! Corporation. 
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FIGURE 2-14 Auger bit. 
A] 


COARSE FINE 


COARSE AND FINE AUGER BIT FEED SCREWS 


FIGURE 2-15 Auger bit worm drive types. 
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from experience... 


Drill holes in thick wooden structures in 
several steps by removing the bit at short 
intervals. Remove shavings from the hole, 
so that the bit does not become lodged in 
- the wood. 


SPEED BITS 


Speed bits (Fig. 2-16), often called spade bits, are 
not used as often as other bits for drilling wood in 
the plumbing trade. Plumbers sometimes use them 
to drill holes in wood products such as cabinets to 
install piping to a dishwasher, but a hole saw bit 
(Fig. 2-20) may be more desirable for that purpose. 
It does not have a threaded worm drive as a center 
point, which means the user is the driving force be- 
hind its progress. Due to the looseness of the par- 
ticle wood construction of most cabinets, drill bits 
that use a worm drive to self-feed cannot be used. 
The speed bit is a more productive selection than 
an auger bit, because it shaves the wood product 
quickly. Because this bit is often used for finished 
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FIGURE 2-16 Speed 
bit. 


areas, a two-step process for completing a hole is 
recommended to avoid damage to finished areas. 
The hole should be drilled partially through one side 
of the work area until its center point penetrates the 
opposite side; then the hole should be completed 
from the opposite side. 


POWER BORE BITS 


Power bore bits (Fig. 2-17), the most common drill 
bits in new current residential plumbing installations, 
are specifically designed for drilling wood products. 
This self-feeding bit has a worm-drive center point 
similar to an auger bit, but the center point of this 
bit is replaceable. The most popular sizes a plumber 
uses are 1-1/8”, 2”, 2-9/16”, and 3-5/8”. Each drill bit 
size is used for a certain pipe size in the plumbing 
trade. The length of power bore bits can be extended 
with a bit extension accessory, because they have a 
fairly short shaft and can typically only penetrate 4”. 
The shavings a power bore bit creates are discharged 


from the drilling area, but, when drilling deep holes . a 


through thick boards, the shavings can remain in 
the drilling area. To avoid this, drilling may have to 
be performed in increments when penetrating thick 
boards. Removing the bit from the hole and then 
removing the shavings prevents the bit from be- 
ing lodged in the wood. It is important to maintain 
sharp drilling edges on the bit with a file so that it 
remains productive and the drill is not damaged. 
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FIGURE 2-17 Power bore 
bit. 


CAUTION 
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from experience... 


Purchase a sharpening file designed for 
working with metal, and store it with your 
bits or drill. Sharpen your bits before they 
become dull to help maintain a safe and : 
productive workplace. : 


HOLE SAW BITS 


Plumbers often use hole saw bits (Fig. 2-18) to 
drill through various thin materials and finished 
surfaces, such as fiberglass shower walls, coun- 
tertops, or cabinets. As their name indicates, they 
saw through the work area as they bore a hole, 
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which creates sawdust instead of wood shavings. For step-by-step instructions on drilling a finished 
The material being drilled with a hole saw is re- surface with a hole saw, see Procedure 2-1 on 
tained in the bit housing. The user must remove 
the resulting core of the drilled area after the hole 
is completed or before penetrating a board that is 
thicker than the remaining depth of the bit hous- 
ing. The hole saw uses a smaller, specialized twist 
bit as a pilot bit during the initial drilling process 
to keep it centered in the desired location. Each bit 
is removable from a shaft known as an arbor. Two 


common arbor types are used, based on the hole hilt oe : 
saw size. The twist bit is replaceable and has a flat- lel Cy Cen lly els ence rs 


sided shaft that is secured within the arbor with drilling with a hole saw. 
an Allen screw. The most common sizes a plumber EEEE 


page 60. 


from experience... 


Duct tape or masking tape applied to fin- 
ished work areas can minimize the pos- 


. 


uses range from 1/2" to 2” and can be purchased -** 
separately or as a kit with a storage case. Larger 

sizes, used to drill through a fiberglass shower wall MASONRY BITS 
when installing a single-handle faucet, are typically 


Some masonry bits are used with pistol drills and 
purchased separately. 


have a carbide tip, but they are typically used for 
anchoring small fasteners in hollow concrete blocks 
and ceramic tiles. Masonry bits used with a hammer 
CAUTION drill for penetrating concrete floors and walls are spe- 
cifically designed for that purpose and are known as 
hammer drill bits (Fig. 2-19). Hammer drill bits are 
designed for installing heavy-duty anchors to support 
pipe or pieces of equipment and for penetrating solid 
concrete. However, they are expensive, and drilling 
solid concrete can often lead to hitting obstructions 
such as metal reinforcement bars (rebar) embedded 
in the concrete. When encountering obstructions, 
the users must establish a new drilling location to 
avoid damage to the drill bit and to avoid their injury 
from the violent reaction of the drill. Not all drill bit 
shanks are compatible with every drill type, so they 
are purchased based on the drill type used. How- 
ever, shank adapters can be purchased for some bits 
to allow compatibility with various drill types. Some 
hammer drills have a leveling feature on the top of 
the tool to aid in drilling level holes. Many hammer 
drills can also be used as chipping hammers, and var- 
ious chisel bits are used for that purpose. In addition 
to wearing eye protection, face protection, and work 
gloves, a dust mask or other breathing apparatus 
must be worn to prevent inhalation of concrete dust 
while using masonry bits. Ear protection is also nec- 
essary to avoid internal ear damage from loud noise 
produced with drilling and chipping concrete. 


CAUTION 


Courtesy of Lenox. 


FIGURE 2-18 Hole saw kit. 
MII 
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Courtesy of Lenox. 
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m FASTER DRILLING FIGURE 2-20 Step bit kit. 
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most common sizes plumbers use range from 1/4” to 
1/2" and from 1/4” to 1”. One disadvantage of this 
tool is that the entire bit must be replaced if the tool 
is damaged or can no longer be sharpened. Eye pro- 
tection is crucial when using any drill bit, and face 
protection and a long-sleeved shirt may be required 
when drilling through steel to avoid hot sharp metal 
shavings contacting bare skin. 


CAUTION 


Courtesy of Milwaukee Electric Too! Corporation. 


FIGURE 2-19 Hammer drill bits. 
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from experience... 


Using a drilling lubricant (cutting oil) fluid 
lengthens the life of the drill bit. 


eeoereeeree eee reece eee eee eee e eee eee e seen, 


from experience... 


Fasten a torpedo level to the drill with 
duct tape to align the drill and aid in the 
hole being drilled correctly. 


SAWS 


ececerecec ee ec rece rece eee eee ee eee eee eee * 


_ The power saws plumbers most often use are dis- 

cussed in this chapter. Saws are used extensively in 
STEP BITS the plumbing industry for multiple purposes. The 

popularity of power tools has minimized using hand- 
Step bits (Fig. 2-20) are also called vari-bits because saws for many tasks, but small-diameter plastic pipe 
they are designed to replace various individual twist is still usually cut with a specially designed hand- 
bits with one tool. They are used to drill holes in saw. The popularity of battery-powered tools has 
metal-like twist bits and increase productivity by allowed plumbers to use power saws without hav- 
drilling holes in increments that would normally ing an extension cord as a source of electrical power. 
require using several individual twist bits. The two This is one of the main reasons handsaws are used 
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less frequently to cut plastic piping now than in the 
past. Power saws were always used extensively to 
cut metals because hacksaws are not productive 
tools. Safe use of any power tool is vital and must 
be a focal point every time you prepare to activate 
one. Always wear PPE, inspect your work area for 
water or other dangerous conditions, and be aware 
of those working around you. 


RECIPROCATING SAWS 


As the word reciprocate indicates, a reciprocating 
saw (Fig. 2-21) operates in a piston-like motion 
by thrusting a saw blade forward and backward 
in a sawing motion. Because it is a power tool, its 
sawing motion is rapid, and it increases produc- 
tivity. Residential plumbers usually use a recipro- 
cating saw, often called a sawzall, to notch wood 
boards, cut plywood floors, and cut plastic pipe. 
This saw can cut most construction material, and 
numerous blades are available for specific materials. 
Saw blades are categorized by the number of teeth 
per inch (TPI) and the total length desired. Blades 
used for cutting wood have fewer TPI than those 
designed to cut metal. 


This tool can also be battery powered, which 
increases its mobility and productivity. The recip- 
rocating saw has a thrust shoe that must remain 
in contact with the product being cut to ensure a 
smooth cutting operation. To start a cut in a flat sur- 
face, such as for a bathtub drain, a hole should be 
drilled first. The sawzall blade can then be inserted 
into the drilled hole to complete the cut opening de- 
sired in the floor. This tool requires two hands to 
operate and can be dangerous because the blade is 
not protected with a safety guard. The reciprocating 
action of this tool requires enough space at the end 
of each forward stroke for the saw blade to fully 
thrust away from the tool before it returns back 


Courtesy of Milwaukee Electric Too! Corporation. 
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FIGURE 2-21 Reciprocating saw. 
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toward the tool. Overconfidence in using a recipro- 
cating saw can lead to serious injury, not only from 
the cutting operation, but also from being stabbed 
with the end of the blade. The blade also becomes 
extremely hot from the rapid cutting action and can 
cause burns. 


For step-by-step instructions on saw blade selec- 
tion, see Procedure 2-2 on page 61. 


CAUTION 


CAUTION 


from experience... 


Most saws allow the blade to be used 
facing two different directions. If a diffi- 
cult cutting location is encountered with 
the blade in its normal direction, turn the 
blade to face the opposite direction to 
complete the cut. 


CIRCULAR SAWS 


Carpenters use circular saws more often than 
plumbers do. When used, this tool increases pro- 
ductivity and ensures square cuts. Circular saws can 
also be battery powered (Fig. 2-22). A plumber nor- 
mally uses this tool to cut wood boards for pipe sup- 
ports or plywood for strengthening floor joists that 
have been drilled when required by code. Though 
a plumber may cut small boards with a sawzall, 
the circular saw has a removable guide bar to cre- 
ate a straighter cut. As with all power tools, there 
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Courtesy of Milwaukee Electric Too! Corporation. 


FIGURE 2-22 Battery-powered circular saw. 


are specific safety concerns for this tool. The saw 
blade can be pinched by the wood being cut, caus- 
ing the saw to thrust backward violently toward the 
user. The blade is protected by a safety guard that 
should never be removed or fixed in a manner that 
disables it. Blade selection varies with the material 
being cut, and the diameter of the blade must match 
the saw used. A plumber typically uses a general- 
purpose wood blade. 


CAUTION 


: from experience... 
- Because most plumbers use circular saws : 
-+ for small-depth cuts, a small-diameter : 
< battery-powered circular saw may : 


increase productivity. 
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SABER SAWS 


Plumbers use a saber saw (Fig. 2-23), also called 
a jigsaw, primarily to cut holes in countertops to 
install sinks. and it is capable of completing circular 
cuts. It has a reciprocating cutting action with very 
short strokes. This compact handheld tool offers 
smooth operation, and various blade types are avail- 
able depending on the material being cut. Blades are 
ordered based on the number of TPI, with metal- 
cutting blades having more TPI than wood-cutting 
blades. The saber saw has a base plate that must re- 
main firmly on the work surface while cutting. The 
blade must be allowed to complete its full stroke 
cycle, which means that the material being cut must 
be thinner than the blade length, or the tool will 
react violently. The blades are thin and break easily 


CAUTION 
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from experience... 


Finished surfaces such as countertops can 

be damaged while cutting. To avoid dam- : 
age, tape the outline of the cut and lay d 
out the cut line on the tape. You can apply : 
tape to the bottom of the base plate to 

avoid scratching the surface being cut. 


esecocoooooooooooooo‘’l 


FIGURE 2-23 Saber saw. 
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when they are used incorrectly. Like the sawzall, 
the blade is unprotected and can cause injury. The 
blade becomes hot when used due to friction and 
should be removed from the tool only after it cools 
or should be removed with hand protection. 


PORTABLE BAND SAWS 


A portable band saw (Fig. 2-24), often called a por- 
taband, is designed for cutting metal and must be 
used with extreme caution because it can easily am- 
putate a finger. A plumber uses this tool for cutting 
threaded rod to install hangers or other metal sup- 
port materials. The circular blade inserts around 
two circular rotating wheels with rubber belts that 
grip the blade. The saw has a metal thrust bar that 
must be in contact with the material being cut to 
ensure safe operation. Because this tool is designed 
to cut metal, blade selection is not as varied as it is 
for tools designed to cut both wood and metal. The 
number of TPI is still the criteria used to select the 
proper blade; the more TPI, the smoother the cut- 
ting process. The portable band saw is designed for 
two-hand operation. The blade is very thin and can 
break when pinched by the material being cut. The 
cutting portion of the blade is unprotected, so this 
tool should be housed in a case when it is not in use, 
or the blade should be removed after each use. 


CAUTION 
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from experience... 


The portable band saw increases produc- 
tivity when cutting threaded rod to install 
hangers. The 24 teeth-per-inch blade can 

cut cast iron pipe when the pipe location 

does not allow for a cast iron cutter. 


Courtesy of Milwaukee Electric Too! Corporation. 


FIGURE 2-24 Portable band saw. 


GRINDERS 


Although portable grinders are more common in 
the pipefitting trade, a residential plumber should 
know how to use them safely. The diameter of 
the abrasive wheel on the two common types is 
4-1/2" and 7”. The maximum operating speed 
of a grinding wheel must be compatible with 
the grinder being operated. The 4-1/2” grinder 
(Fig. 2-25) is used for working with small- 
diameter piping or in confined work areas. The 
7" grinder (Fig. 2-26) is used for working with 
large-diameter piping or for removing large quan- 
tities of material. The wheels are available for 
either grinding or cutting. The grinding wheels 
are used to grind metal burrs from cut pipe or 
to bevel a pipe to prepare it for welding. Cut- 
ting wheels are thin and designed to cut through 
metal. Abrasive wheels are selected based on the 
material to be ground or cut. Wheels are also 
available for grinding concrete. Read all manu- 
facturer’s information before using any wheel to 
ensure that you have the correct one for the spe- 
cific material and use. 

A grinder has a safety guard to protect you 
against a violent reaction during use, but the 
grinding face and cutting edge are not protected 
and can cause serious lacerations. A remov- 
able side handle must be installed before each 
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Courtesy of Milwaukee Electric Too! Corporation. 


FIGURE 2-25 Small grinder. 


Courtesy of Milwaukee Electric Too! Corporation. 


FIGURE 2-26 Large grinder. 
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use, and two hands must be used at all times 
to operate a grinder to maintain control of the 
tool. Sparks are produced when using grind- 
ers, so eye, ear, and face protection is required 
and other PPE may be required based on a spe- 
cific task. Wearing a long-sleeved shirt is recom- 
mended, and loose clothing should be secured. 
Flammable or explosive materials or fuels must 
not be present in the work area, and protective 
measures must be taken to eliminate sparks from 
injuring other workers. Small metal pieces can 
also become airborne and fly in the same direc- 
tion as the sparks. Your work area should be 
located away from other workers, and a desig- 
nated person may need to stand watch and no- 
tify others not to enter. 
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CAUTION 
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from experience... 


Purchase grinding wheels designed to 
work with specific materials. Using a 
carbon steel wheel on stainless steel 
material will form rust on the stainless 
steel. Using a concrete wheel on steel can 
break the wheel into pieces. 


et Fe eee eeeeree eee e sree eee eee e see eee er eee, 


from experience... 


Diamond-tipped cutting wheels are avail- 
able for specialty cutting, such as ceramic 
tile or concrete. Always use the correct 
blade for the specific material being cut, 
and follow manufacturer instructions. 


ett eeeeeeeceeceese rece ee reese eee eee ve * 


POWDER-ACTUATED 
TOOLS 


Using a powder-actuated tool (Fig. 2-27) requires 
that a user become certified by the manufacturer or 
other certifying agent because an explosive charge 
is used to drive an anchor into concrete and steel. 
Such a tool operates similar to a handgun by forcing 
the anchor out of the tool like a bullet when a trig- 
ger is activated. A safety feature of this tool requires 
the barrel to be pressed firmly against the work sur- 
face before it can fire to avoid accidental operation. 
Explosive caps are color coded to indicate their 
firepower, and a selection chart shows the correct 
charge for a specific application. Plumbers typically 
use this tool to install hanger rods, which have nail 
point ends and threaded ends. The nail point end is 
driven into the concrete, leaving the threaded por- 
tion exposed for a plumber to connect a hanger 
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FIGURE 2-27 Powder-actuated tool use. 


rod. The most common anchor size for supporting 
plumbing piping is 3/8” diameter, but 1/4” can be 
used for small copper water piping if required. Ear 
and eye protection must be used at all times, and 
goggles are recommended over safety glasses. 


CAUTION 


et Fee eee ee reer eee ereer eee eee e eee e eee eeey, 


from experience... 


Powder-actuated tools are more effective 
than hammer drills for installing many 
kinds of anchors. Clean and lubricate this 
tool after each day's use or when stated 
by the manufacturer to maintain its safe 
operation. 


AIR COMPRESSORS _ 


A residential plumber often uses an air compres- 
sor (Fig. 2-28) to pressure-test water piping sys- 
tems. Water is used with a hydrostatic test, but air 
testing is more common, especially in cold climates 
where pipes could freeze during construction. Vari- 
ous kinds of air compressors are available. Porta- 
ble ones are most common, because workers can 
keep them on a work truck between uses. An air 
compressor is connected to an electrical system 
and then turned on so that air flows into a self- 
contained storage tank until it achieves a set pres- 
sure that has been adjusted by the user. Most codes 
dictate that the pressure for the test must be at least 
100 pounds per square inch (psi), which can be 
dangerous for everyone on the job site. If a pipe fit- 
ting leaks, the air pressure must be relieved from 
the piping and a repair must be made. If piping is 
damaged while it is under pressure, the release of 
air can cause injury. After a piping system is tested 
and inspected, the air pressure should be relieved or 
lowered to ensure that the job site is safe. A warn- 
ing sign should be placed on the job site notifying 
other workers that a high-pressure test is occurring 
and to proceed with caution. Safety glasses and ear 
protection should be worn to avoid injury from an 
accidental release of air from the piping or air com- 
pressor. Hoses that supply air from the compressor 
to the piping system are under the same test pres- 
sure and should be inspected to ensure that they are 
in proper condition. 


Courtesy of Porter Cable. 


FIGURE 2-28 Portable air compressor. 
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JACKHAMMERS | 


Concrete is removed with either a chipping ham- 
mer or a jackhammer (Fig. 2-29). Small amounts 
of concrete can be removed around existing pip- 
ing with a chipping hammer or, in many instances, 
with a rotary hammer with dual purpose capabil- 
ities. If large areas of concrete must be removed, 
a jackhammer is needed. Either electric or air- 
activated jackhammers can be used. Air types are 
more powerful, but electric ones are sufficient for 
most residential applications. A chisel bit and a 
point bit remove concrete, but each has specific 
uses. A chisel point removes large pieces of con- 
crete, and a chisel point bit penetrates a small area 
at a time. Gloves, eye protection, lung protection, 
and ear protection must be worn. Care should be 
taken if you do not know whether the electrical 
conduit or water piping is located within or below 
the concrete floor. 


Courtesy of Bosch. 


FIGURE 2-29 Electric jackhammer. 
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SUMMARY ——— 


e Power tools must be used only by trained 
personnel. 


e Serious injury can result from misusing power 
tools. 


e PPE must be worn while using power tools. 


e Using power tools from a ladder can create un- 
safe working conditions. 

e A body harness may be required when work- 
ing from a ladder and is almost always required 
from a scaffold. 

e Ground fault circuit interrupters (GFCIs) must 
be used with all power tools. 


e Most drill bits and saw blades have specific 
uses. 


e Various drill types are used for certain work 
areas. 


e Many drill bits must be sharpened periodically. 
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Apply masking tape or MASKING TAPE 

duct tape to countertop OR DUCT TAPE HOLES TO BE DRILLED 
to protect the finished 

surface from chipping. 


Lay out holes over the 


tape. 
COUNTERTOP 


Drill a pilot hole in the 
center of each hole using 
a separate bit or the one 
on the hole saw. 


Place the hole saw 
center bit into the 
drilled pilot hole before 
activating the drill. 
Placing the hole saw 
squarely on the taped 
area, activate the drill 
to rotate it. 

The type of surface 
being drilled and how 
the hole saw reacts COUNTERTOP 
determines the actual 
drilling operation. 

Use short drilling 
duration when 
establishing a hole; 
when the hole saw 
begins drilling into the 
countertop, bring the 
drill up to its full speed. 
Never begin drilling a 
hole with the drill at 
full speed, because the 
hole saw might dig into 
the drilling surface. This 
can cause a violent 
reaction and possibly 
damage the 
countertop. 
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PROCEDURE 2—2 


Saw Blade Selection 


A) Identify the type of Q 
material being cut. a 
e Know the basic 
offerings of saw blades 
from tool or material 
suppliers. Many stores 
sell only a limited 
selection. 
Understand that wood 
blades have fewer teeth 
per inch (TPI) than 
metal blades. 


Know that the length of SIDE VIEW 
a blade refers to its actual 


CUT LENGTH OF BLADE 
cutting length. 


e Know the length 
required to ensure that 
the entire blade can 
freely reciprocate 
through the material to 
be cut. 

It is better to have a 
blade that is too long 
than too short in most 
cutting situations. A 
blade that is too short 
can break if it is not 
allowed to complete a 
full cutting stroke. 
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REVIEW QUESTIONS 


1. An electrical power tool must be 
connected to an electrical circuit 
that is protected by a 


a. GFCI 
b. FCIG 
c. CFIG 
d. GCFI 


2. Fall protection is required for a 
work area that places your feet 


a. More than 3’ above the ground 
b. 6’ or more above the ground 

c. On top of a 3’ stepladder 

d. On the ground 


3. The top of an extension ladder 
must extend past the point where 
the ladder rests on the roof edge at 
least 


a. 1’ 
b. 2’ 
c. 3! 
d. 4' 
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. Two approved hearing protection 


items are ear plugs and 

a. Cotton balls 

b. Pieces of clean rags 

c. Ear muffs 

d. None of the above is correct 


. Three common drills used for wood 


are the pistol drill, hole hawg drill, 
and 


a. Right angle drill 
b. Left angle drill 

c. Upside down drill 
d. Hammer drill 


. A drill used to install anchors in 


concrete is a 

a. Concrete drill 
b. Hammer drill 

c. Jackhammer 

d. Right angle drill 


. Though twist bits can be used 


to drill many materials, they are 
designed to drill through 


a. Metal 
b. Plastic 
c. Wood 
d. Concrete 


. The two different types of worm 


drive feed screws of an auger bit 
are a Coarse type anda 


a. Rough type 

b. Smooth type 
c. Fine type 
d. Bald type 


9. 


10. 


11. 


12. 


A power bore bit is the most 
common type plumbers use and is 


a. Self-feeding 

b. Also known as an auger bit 
c. Also known as a speed bit 

d. Also known as a hole saw bit 


A hole saw requires the user to 
remove 


a. The side handle of the drill 

b. The pilot bit before drilling 

c. The core of material after drilling 
d. A set screw 


The trade name sawzall indicates 
that it is a 


a. Circular saw 

b. Reciprocating saw 
c. Portable band saw 
d. Hole saw 


The trade name jigsaw indicates 
that it is a 


a. Saber saw 

b. Reciprocating saw 
c. Circular saw 

d. Hand saw 


13. 


14. 


15. 
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A powder-actuated tool requires 
that the user be 


a. Certified 

b. A licensed plumber 
c. A supervisor 

d. Both a and b 


A plumber tests a water piping 
system with either a hydrostatic 
test or 


a. A performance test 
b. An air test 

c. A smoke test 

d. A gas test 


The two common types of 
jackhammer bits are the point 
type and the 


a. Auger type 
b. Speed type 
c. Chisel type 
d. Twist type 
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WHAT'S WRONG WITH THIS PICTURE? 


Carefully study Figure 2-30 and think about what is wrong with it. Consider all possibilities. 


WRONG 


FIGURE 2-30 A tool or extension cord should never be plugged into an electrical wall outlet 
or another extension cord without knowing whether a ground fault circuit interrupter (GFCI) is 
protecting the electrical circuit. 


RIGHT 


FIGURE 2-31 This example shows a tool connected to an electrical outlet protected by a 
GFCI. Notice the ground fault circuit interrupter (GFCI) has connections to serve three tools. 
Some types offer only one, and entire circuits are protected when a licensed electrician installs 
the wiring system. Always know if you are protected, and if in doubt, use a GFCI. 
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OBJECTIVES Upon completion of this chapter, the student should be able to: 


identify and describe common types of pipe understand that some pipe and tubing materials 
and tubing used in a residential plumbing can be used in all residential systems. 
installation. 

relate pipe and tubing selection to plumbing codes. 
understand that certain pipe and tubing 
materials can be used only for specific systems. order pipe and tubing materials. 
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drain portion of a drainage 
system that is installed on the 
interior of a building 


fitting item in a plumbing 
system that is connected to 
piping or another fitting to 
achieve a desired offset or 
specific connection 


foam-core type of non-pressure 
DWV plastic pipe that has a solid 
outer layer, a cellular foam middle 
layer, and a solid inner layer 


nominal diameter size of 
pipe and fittings used to order 
materials; does not indicate exact 
diameter 


offset angle that changes 

a piping route; expressed in 
degrees of a circle such as 90° 
and 45° 


pipe often used to describe 

all pipe, tube, and tubing, but 
is defined as any rigid or hard 
materials that would break if 
flexed more than 2 percent of its 
diameter 


potable water water that is 
free from impurities that could 
cause disease; safe for human 

consumption 


66 


GLOSSARY OF TERMS 


radius half the diameter of a 
circle; relates to the bend of a 
fitting or tubing 


schedule classification of pipe 
indicating its wall thickness 


sewer portion of a drainage 
system that is installed on the 
exterior of a building 


tube less rigid than pipe, but 
more rigid than tubing; often 
referred to when ordering copper, 
for example, copper tube 


tubing flexible or non-rigid 
materials that can deflect more 
than 2 percent of its diameter 
without breaking; often referred 
to as pipe 


type used to specifically 
describe different copper 

tube specifications and to 
differentiate between various 
materials, for example, Type M 
copper tube or types of plastic 
pipe. It is capitalized to 
emphasize that it is referring to 
a specific tube, such as Type K 
copper compared to any other 
type of pipe. 


vent pipe that allows airflow in 
a drainage system 


water distribution entire 
potable water piping system, 
relates to hot and cold water 
systems; often refers to only 
interior systems, and different 
from water service piping. 


water service piping on 

the exterior of a building that 
connects the potable cold water 
source, such as a water meter, to 
the interior water piping system 
in a building 
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ou have learned about some neces- 

sary hand tools and power tools 

to install a plumbing system. This 
chapter focuses on the various types of pip- 
ing used in the current residential plumb- 
ing industry. It discusses common pipe and 
tubing materials separately. Pipe and tub- 
ing are two different classifications of ma- 
terials. Plumbers typically refer to hard or 
rigid materials as pipe and to flexible or soft 
materials as tubing. Most pipes are classi- 
fied based on their wall thickness and are 
categorized into schedules. Copper tube 
is also classified by its wall thickness, but 
it is categorized into Types as opposed to 


schedules. 


Pipe is used to bring potable water and 
gas into a building and to allow sewage 
and wastewater to drain from a building. 
Piping used in the residential plumbing 
industry falls into three basic categories: 
drainage waste and vent (DWV); water 
distribution; and gas. Some materials are 
used in all three piping systems; others 
are installed in specific systems. Copper 
and brass can be used in all three systems. 
DWV piping is designed to operate under 
less pressure than water distribution pip- 
ing. Gas piping systems are made from 
some materials, such as black steel, that 
cannot be used for water distribution or 
DWV installations. 


State and local code authorities must 
approve all piping materials. Many codes 
dictate that piping allowed for interior in- 


stallations be different (stronger) from that 
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used on the exterior of a building. Knowing 
the location of the installation and identify- 
ing the type of pipe to be used is crucial to 
installing a safe, high-quality plumbing sys- 
tem. Several variations of pipes are manu- 
factured from the same material, and each 
material is approved for specific installations 


based on its unique characteristics. 


The American Society for Testing and 
Materials (ASTM) and the National Sani- 
tation Foundation (NSF) are organizations 
that test and rate piping materials and 
standards. The accumulated data and rec- 
ommendations from ASTM and NSF deter- 
mine what type of pipe is allowed by code. 
Some considerations in the selection pro- 
cess include codes and products specified by 
an architect or owner. The code-approved 
products actually chosen and installed are 
often based on cost control measures and 
availability. 


Green initiatives have led to designing 
plumbing systems using as much recycled 
products as possible and attempting to pur- 
chase products that are produced within a 
500-mile radius of the installation. Leader- 
ship in Energy and Environmental Design 
(LEED) is the area of an overall design of 
a building where all items are categorized 
for energy-efficient ratings. LEED extends 
beyond pipes, fittings, and valves used in 
the plumbing industry. It also covers water 
usage, energy efficiency of water heaters, 
and chemicals. Specific LEED information 
is discussed where relevant throughout this 


book. 
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PIPE DIAMETERS __ 


Pipe in a plumbing system is round and ordered 
based on its diameter. Pipe and tubing have an inside 
diameter (ID) and an outside diameter (OD), but 
they are ordered by a sizing system known as nomi- 
nal diameter. The actual ID and OD dimensions of 
pipe, if measured with a ruler, would vary by mate- 
rial types, so the dimension is simply rounded off to 
get a nominal diameter. The thickness of a pipe wall 
varies depending on the material, and this varying 
thickness determines the difference in the ID and 


OD. A 2” pipe made from one type of material may .* 


have a different diameter than a 2” pipe made from 
another type of material. The ID is important for 
determining the flow requirements for piping, so in 
some instances, a plumber orders pipe based on the 
nominal ID. 


Copper is a thin-walled tube used in the air 
conditioning and refrigeration (ACR) trades and 
plumbing trade, and the ordering method often 
varies between these two trades. Plumbers usu- 
ally order copper tube using both the OD and the 
ID (Fig. 3-1), but the ACR trade orders only by 
the OD. Steel piping materials are manufactured 
using the same OD for each pipe size. This siz- 
ing system is known as iron pipe size (IPS). Plastic 
pipe used for DWV installations is manufactured 
using IPS, with the ID varying based on the wall 
thickness. Three common wall thickness classifi- 
cations are Schedule (S) 10, 40, and 80; S-40 is 
the most common schedule at about 1/4” thick- 
ness. A higher schedule rating indicates a greater 
wall thickness. 


SECTION VIEW 


WALL —+} 


THICKNESS ~> A PIPE 


___ INSIDE 
DIAMETER 


OUTSIDE 


a 


DIAMETER 
_——— SS A hae eee] 


FIGURE 3-1 Outside and inside pipe diameters. 


: from experience... } 
Nominal diameter is defined as so-called, 
which clarifies that the OD and ID are not 
actual dimensions, but vary with different 
types of pipes. IPS indicates that different 
: materials have the same OD but does not 
] indicate what the ID is. 


Because codes and preferences allow for 
various piping materials for a specific system, 
knowing the allowable options for each type is 
important. Using the wrong material can result 
in code violations, property damage, and health 
risks to a consumer. Table 3-1 provides a list of 
common materials and their acceptable uses in a 
residential plumbing system as DWV piping and 
distributing potable water. These materials are 
described separately in this chapter. Other less 
common types may be included in job site train- 
ing based on the company preference and local 
code acceptance. Table 3-1 does not include the 
allowable areas of a piping system that can be 


TABLE 3-1 Pipe Types and System Uses 


Material Type DWV Potable Water 


PVC Yes Yes 
ABS Yes No 
CPVC No Yes 
PEX No Yes 
Copper Yes 
Galvanized steel Yes Yes 
Black steel No No 
Brass Yes 


Cast iron No 


Polyethylene Yes 
Perforated PVC No 
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installed. PVC, for instance, cannot be installed 
for water distribution inside a house, but can be 
used to deliver cold water to the exterior of a 
house. (See Table 4-2 for allowable water dis- 
tribution pipe products that can be used inside 
a house.) 


Piping materials are available in several 
forms, known as lengths and rolls (coils). The 
available length of pipe depends on the type 
of material, and the length of a tubing’s roll is 
dependent on the type and size. Manufactur- 
ers offer certain types and sizes based on the 
code allowances and practical manufacturing 
processes. Most pipes are sold in 20’ lengths, 
whereas cast iron DWV pipe is sold at various 
lengths, with the maximum being 10’. Flexible 
rolls of tubing for installing water distribution 
systems are typically sold in 100’ lengths, but 
rolls of soft copper tube range from 40’ to 100’ 
in length. 


Table 3-2 lists common piping materials used 
in the residential industry and their lengths usu- 
ally offered by a manufacturer. Material in roll 
form varies in length. Wholesale stores offer ma- 
terials in customized lengths that differ from those 
listed here. 


TABLE 3-2 Available Lengths of Common Pipe 
Materials 


Material Type 30” 5’ 10’ 20’ 21’ Roll 
PVC Y 

ABS V 

CPVC 

PEX 

Copper 


Galvanized 
steel 


Black steel 


Service-weight 
cast iron 


No-hub cast 
iron 


Polyethylene 
Perforated PVC 


Brass 
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Green Tip 


Plumbers can recycle many products. Cop- 
per and brass are the most common items 
recycled due to their categorization as pre- 
cious metals. The scrap pipe produced can be 
recycled. Cardboard, other metals, and many 
plastic products can also be recycled. They 
may not be an income-producing source, but 
can certainly be recycled for environmental 

i protection. 


Se ececerecec eee coe eee eee eee eee eee eee ee ee ee 


eeececeesee ® 


eceerececeeeceeee 


PLASTIC PIPE 


The residential housing industry is always striving 
to build homes at competitive prices to remain af- 
fordable. The introduction of plastic piping for 
drainage, vent, and water distribution systems has 
helped achieve this objective. In the mid-twentieth 
century, drainage and vent systems were installed 
with metal piping, such as cast iron and galvanized 
iron, and water distribution systems were mostly 
installed with copper tubing. Higher housing costs 
are a direct result of increasing labor costs. Plastic 
pipe products have helped to offset the labor cost 
because they are less expensive than metal products 
and installation time is also reduced. One disadvan- 
tage of plastic products is their lack of fire-rating 
capabilities. Most commercial applications still use 
copper tube for water distribution and cast iron pipe 
for drainage and vent installations. Plastic piping is 
the product of choice in the residential industry, and 
reverting back to metal products is not likely. Many 
custom homes do blend plastic and metal products 
for some installations, which are discussed later. 


PVC PIPE 


Plastic piping known as polyvinyl chloride (PVC) 
is offered in a wide variety of types and schedules 
and is the most widely used product for DWV in- 
stallations in new residential applications. This very 
durable product increases productivity because of 
its lightweight and method of joining. The residen- 
tial industry uses a solvent-welding cement, called 
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glue, to join pipe and fittings. The ODs are manu- 
factured to IPS standards. Some kinds of PVC are 
rated for pressure systems, whereas others are used 
specifically for gravity draining systems. PVC pres- 
sure piping is commonly used to provide water to 
residential buildings, but most codes do not allow 
PVC to be used in water distribution systems on 
the interior of a building. All PVC in residential 
applications has a maximum temperature rating 
of 140 degrees F. Pipe and tubing for water ser- 
vice installations must be capable of handling 160 
psi pressure at 73 degrees F. Pipe or tubing for wa- 
ter distribution systems must be rated to distrib- 
ute 180 degrees F at 100 psi pressure to enable the 
product to safely distribute hot water. 


DWV for residential applications typically uses 
a Schedule 40 (S-40) type in either cellular-core or 
solid wall. Cellular-core PVC is known as foam-core 
and can only be used for gravity type systems; it is 
often used to save cost compared to the more expen- 
sive solid-core PVC pipe. Foam-core has a zero pres- 
sure rating and voids the warranty if it is subjected to 
any internal pressure other than filling the system for 
a water test inspection. Thin-wall PVC is acceptable 
for installing the building sewer, which is the drainage 
pipe that connects drains from inside the building to 
their termination point, such as the city sewer system. 
The rating of the thin-walled PVC is different from 
that of the solid-core or foam-core, and using it inside 
a building for a DWV system is a code violation. 


As with all pipe materials, the approved iden- 
tification markings must be visible on the exterior 
of the pipe. The color of PVC pipe generally used 


in residential applications is white. The color of a 
thin-walled PVC for sewer installations is green, 
and it uses a push-on rubber o-ring connection as 
opposed to a solvent-weld connection. A plumber 
must always review manufacturer’s identification 
markings to ensure proper use of any product. 
PVC can be subjected to more household chemi- 
cals than most other kinds of pipe. Long-term ex- 
posure to ultraviolet (UV) rays can damage most 
types of PVC pipe; therefore, it should be covered 
with pipe insulation or painted according to manu- 
facturer’s instructions, which typically dictate that 
water-based latex paint should cover the exposed 
areas. Some available PVC piping products have 
stabilizers and UV inhibitors to protect against 
long-term UV exposure. Figures 3-2 through 3-5 
show various kinds of PVC pipes used in the resi- 
dential plumbing industry. 


SIDE VIEW 


1120 SCH40 260 PSI NSF-PW ASTM D 1785 ASTMD 2665 NSF-DWV 


PLAIN END 260 PSI 


1120 SCH40 330 PSI NSF-PW ATMD 1785 


BELL END 330 PSI 


BELL END 


FIGURE 3-2 Schedule 40 solid-core PVC pipe used 
for pressure and gravity systems. 


SIDE VIEW 


SCH 40 COEX CELLULAR CORE PVC-DWV PIPE ASTM F-891-00 NOT FOR PRESSURE 


FIGURE 3-3 Schedule 40 foam-core PVC pipe specifically used for 


gravity systems. 


SIDE VIEW 


HUB 


SDR 35 PSM ASTM D 3034 PVC 


FIGURE 3-4 SDR PVC pipe used for sewer 


installations. 
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SECTION VIEWS 


/—— x SOLID 
CORE 


SOLID CORE 


FOAM 
CORE 


FOAM CORE 


FIGURE 3-5 Section view of solid-core and foam-core PVC pipe. 


et Fe ee eee eeree eee eee e eee eee e eee reer eee, 


from experience... 


: Many codes accept foam-core PVC pipe 

: for underground and above-ground instal- 
: lations serving a residential building. 

: Using foam-core for the entire DWV 

- system in a building and connecting it to 
a public sewer or septic tank is common. : 


CAUTION 


CPVC PIPE 


Chlorinated polyvinyl chloride pipe (CPVC) is flex- 
ible, but is typically called pipe and not tubing 
(Fig. 3-6). It is not as rigid as steel pipe and not as 
flexible as cross-linked polyethylene (PEX) tubing. 
Codes allow various material types for use in water 
distribution systems in residential buildings; CPVC is 
one that is often used. It is a yellowish-white material 
joined with a solvent-weld process (glue). Glue used 


for joining CPVC is different from that used for join- 
ing PVC, because these two products are incompat- 
ible. The OD of CPVC is not the same as PVC, and 
both of their nominal sizes do not reflect their actual 
sizes. CPVC OD is classified as copper tube size (CTS) 
and not as schedules like PVC pipe. This means the 
sizing is based on tubing and not on pipe. The CPVC 
manufactured for residential applications is identified 
as SDR 11 (standard dimension ratio) and ranges in 
size from 1/2” to 2” diameter. SDR is used to express 
the diameter in relation to the wall thickness. SDR 11 
means the diameter is 11 times the thickness of the 
pipe wall. The pressure capabilities of CPVC vary 
with the temperature of the water being distributed. 


The maximum pressure rating of 400 psi for 
SDR 11 CPVC pipe is based on its use to distribute 
water at 73 degrees F. The higher the temperature of 
the water, the lower the pressure rating of the pipe. 
CPVC pipe supplying 180 degrees F water has an ad- 
justed rating capability of 100 psi. The specific use of 
the piping must be known for safe operation. Capa- 
bility data is available where the pipe is purchased. As 
with all plastic piping, CPVC expands and contracts 
based on the water temperature. A CPVC system 
must be tested with water, never with air. Long-term 
exposure to UV rays may damage CPVC, so it must 
be covered or painted according to the manufactur- 
er’s instructions to avoid damage. As with PVC prod- 
ucts, some CPVC products have stabilizers and UV 
inhibitors to protect against long-term UV exposure. 


SIDE VIEW 


SDR 11 CPVC 4120 400 PSI@ 73°F ASTM D-2846 NSF-PW DRINKING WATER 


100 PSI@ 180°F 


FIGURE 3-6 CPVC pipe identification. 
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: from experience... 


Some CPVC glue manufacturers may not 
require applying a primer to pipe and fit- 
ting surfaces before applying glue, but 
most codes dictate that primer must be 
used. Read manufacturer instructions 
and your local code book for proper 
techniques. 


og et HHO M HOR eee ee ee eee sees reese seees ® 
. 
. 
. 
. 
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CAUTION 


ABS PIPE 


Acrylonitrile butadiene styrene (ABS) pipe (Figs. 3-7 
and 3-8) is black in color and is used to install DWV 
systems. ABS pipes must be joined with a solvent- 
weld process designed specifically for that product. 
It is not compatible with PVC. ABS is available in 
a foam-core option, and available sizes range from 
1-1/2” to 6”. Its maximum water-temperature capa- 
bility is 140 degrees F, the same as PVC DWV. The 
OD of ABS pipe is manufactured to IPS standards, 
and its rating is identified on the side of the pipe. 
Like CPVC, it cannot be tested with air pressure. 
Unless it has stabilizers and UV inhibitors, it can- 
not be exposed long-term to UV rays. ABS is more 


widely used in the western portions of the United -* 


States, whereas PVC is more popular in the eastern 
portion. Mobile homes commonly use ABS pipes 
and products. 


SIDE VIEW 


4 SCH 40 ABS DWV ASTM D2661 


FIGURE 3-7 Solid-core ABS piping used for DWV 
installations. 


SIDE VIEW 


ASTM F-628 ABS DWV NOT FOR PRESSURE 


FIGURE 3-8 Foam-core ABS used for DWV 
installations. 


from experience... 
Distinguishing ABS from PVC is simple; 
ABS is black in color whereas PVC is 
white. The color does not dictate the rat- 
ing of the pipe. If a piece of pipe does not 
have the manufacturer's label, always 
assume that it is not rated for pressure. 


CAUTION 


from experience... 


Plastic pipe can warp if it is left in the sun 
too long, which can make it difficult to 
install in a drainage system. 


POLYETHYLENE PIPE 


Polyethylene (PE) tubing is used for water service 
installations, but codes do not allow for its installa- 
tion on the interior of a residential building. PE tub- 
ing is black in color and is typically sold in 100’ rolls 
(Fig. 3-9). It is often used in well-pump installations 
because of its long lengths and durability in cold con- 
ditions. It is joined together with specially designed 
barbed connections and stainless steel hose clamps, 
so that it can be pressurized immediately after a con- 
nection is complete. It is not used as much today due 
to the popularity of other flexible piping products. 
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SIDE VIEW 
UNROLL TUBING 
—<$ 


FIGURE 3-9 Poll of polyethylene tubing used for 
water service. 


PE is a thin-wall product and, like all plastic piping 
products, it cannot be subjected to long-term UV 
rays. The radius of a bend must be great enough so 
that the pipe does not kink. Plumbers often heat the 
pipe with a torch to soften the pipe while joining, 
but this voids the warranty of the product. 


: from experience... 
- PE pipe is easily repaired, with brass-type, : 
barbed fittings being the best selection 
for joining two pipe ends. Brass does not 
corrode under normal conditions and pro- 
vides a rigid connection. 


CAUTION 


PEX PIPE 


PEX tubing sounds like it should be compatible 
with polyethylene (PE), but the two piping systems 
use different connection methods. PEX is used for 
water distribution systems and has become one of 
the most popular selections in the housing indus- 
try because of its cost and labor efficiency. PEX 
can be joined utilizing many methods depending on 
the product’s manufacturer. One common method 
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SIDE VIEW 


UNROLL TUBING 
<< — 


FIGURE 3-10 Roll of PEX tubing used for water 
distribution systems. 


utilizes a specially designed crimp ring and crimping 
tool, whereas another uses an expanding process 
that uses specific fittings and tools that are different 
from the crimping method (Chapter 4). All methods 
allow for immediate pressurization after completing 
a connection. The two different connection meth- 
ods also dictate the different compatible tubing 
used. PEX is typically white colored; red- and blue- 
colored PEX tubing is also available from some 
manufacturers so that the installer can differentiate 
between piping used for hot and cold water systems 
(Fig. 3-10). The popularity of this product for resi- 
dential water distribution systems resulted from the 
discontinued use of another flexible piping known 
as polybutylene. 


PEX is sold in 20’ lengths and 100’ rolls, but 
longer rolls can be custom ordered. As with all flex- 
ible tubing, PEX will kink if the radius created is too 
sharp. The flexibility of this product also indicates 
that it must be supported at closer intervals than is 
required for pipe. PEX is shipped from the manu- 
facturer with a UV-protective cover. Long-term ex- 
posure to UV rays will damage the integrity of the 
product. Plastic tubing should be handled with more 
care than rigid pipe or copper tube. Scratching the 
side of the tubing when installing it through drilled 
holes can shorten the life of the product. Nails that 
protrude in a drilled hole where the tubing is in- 
serted can gouge the PEX tubing. 


Another PEX product that is used widely in 
the heating industry and is growing in popular- 
ity for water distribution systems is polyethylene- 
aluminum-polyethylene or PEX-AL-PEX tubing. 
As its name indicates, it is a multi-layered tubing 
with a PEX interior, aluminum middle layer, and 
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PEX outer layer. It allows a more rigid installation 
than PEX while maintaining the ease of installation. 
Many offsets created with PEX require support to 
maintain the desired installation intent, but the alu- 
minum layer maintains the shape of a bend without 
holding it in place. The tubing is sold in roll form, 
with the length of the roll depending on the size. 
PEX-AL-PEX is sold in sizes ranging from 3/8” ID 
to 1” ID. It is ordered based on the ID of the 
inner PEX tubing. It is more expensive than PEX, 
but offers more rigidity than PEX. 


: from experience 


When ordering PEX material, recognize 
that the maximum spacing between hori- 
zontal supports is 32”, which reflects the 
distance between every other floor joist. 
This shows that some codes are based on 
practical applications and not solely on 
safety or theory. 


CAUTION 


OTHER PIPE 
MATERIALS 


Copper tubing and cast iron pipe are still being used 
in the residential plumbing industry even though 
most residential projects use plastic products. Cop- 
per can be used for connecting faucets or the pieces 
of equipment that are supplied with plastic water 
distribution systems. Cast iron can be installed in 
residential applications for the entire piping sys- 
tem or for sound detention within a wall when the 
rest of the system is plastic. Brass and galvanized 
iron piping are connected only to certain items. 


Perforated plastic piping is discussed here because 
of its unique application. A plumber should know 
about all products and their applications even 
though they are not widely used. A plumber may 
encounter the following products while renovating 
a project or performing a repair. 


COPPER TUBE 


Four basic types of copper tube are used in the 
plumbing industry and two more are used for medi- 
cal and industrial piping systems. The four types in 
residential applications, based on the thinnest wall 
to the thickest wall, are Type DWV, Type M, Type L, 
and Type K. 


Each type of copper must be permanently 
marked by the manufacturer by color-coding or 
scoring on the side of the pipe (Fig. 3-11). The 
most common diameters of copper tube used in 
the residential plumbing industry are 1/4” to 1”. 
Copper tube is manufactured to a standard known 
as CTS. The OD of all four basic types is the same 
and the ID varies with the wall thickness. The 
size selection is based on codes and the number 
of fixtures served. Table 3-3 lists the four types 
of copper tube and their basic use for the residen- 
tial plumbing industry. Copper tube is available in 
hard and soft forms, with soft copper sold in rolls. 
The table indicates that not all types of copper 
tube are available in roll form. Type L is listed as 
acceptable for underground installations, but your 
local code may only allow Type K underground. 


The labor and material savings of PEX and 
CPVC has minimized the use of copper in the 


SIDE VIEW 


UNROLL TUBING 
aM 


FIGURE 3-11 Roll of copper tube used for water 
distribution systems. 
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TABLE 3-3 Types and Basic Uses of Copper Pipe in a Residential Installation 


Copper Type 
DWV 


Type M 


Type L 
Type K 


: Green Tip 


+ Copper is considered a precious metal and is 
commonly recycled for income. It is purchased 

: by recycle centers based on its pound weight. 
Most centers price the copper based on its 

> cleanliness. Copper free of solder, paint, or 

- other non-copper coating is the most valuable, f 
: and is often referred to as number 1 type. : 


residential plumbing industry. Using copper for 
connections to shower faucets, equipment con- 
nections, and termination of the water supply 
serving a plumbing fixture provides rigidity. 
Some residential construction projects still 
use copper for the water distribution systems. 
Copper is commonly joined with welding 
processes known as soldering and brazing. Cop- 
per can also be connected with compression or 
flared joints, which are considered mechanical 
connections. 


Types L and K copper are available in hard 
and soft forms; 20’ is the standard length for hard 
copper tube, and soft rolls are available in 40’, 
60’, and 100’ lengths, depending on their size. 
Type M is the most common copper tube used in 
the residential plumbing industry and is less ex- 
pensive than Types L and K. The OD of a specific- 
sized copper tube remains the same regardless of 
its type and form. Rolls of soft copper are more 
common for supplying water to a dishwasher 
and icemaker. For icemaker connections, 1/4” OD 
is used and 3/8” OD is used for supplying water 
to a dishwasher. Soft copper is more commonly 
used for underground installations, but is allowed 


Potable Water DWV 


Available in 
Underground Roll 


throughout the water distribution system. Plumb- 
ers order copper tube using OD or ID, which can 
cause some confusion when they order from a 
plumbing wholesale store that refers to it differ- 
ently than the plumbers do. 


Table 3—4 lists the nominal, OD, and ID sizes 
of copper tube and how a plumber orders the 
product. Notice that the OD sizes from 5/8” to 
2-1/8" are ordered using their nominal sizes, 
which correlate with their ID sizes. Two selec- 
tions are made for 1/2” nominal sizes—1/2"” OD 
copper is ordered stating the abbreviation OD, 
and 1/2” nominal size is actually 5/8” OD. If you 
state 1/2” copper while placing an order, you 
will actually be ordering 5/8” OD. Use the OD 
sizes when ordering 1/4” OD, 3/8” OD, and 1/2” 
OD tubing. A plumber does not install 5/16” OD 
copper tube, but the plumber should recognize 
that it exists to ensure that you do not purchase 
it by mistake. 


TABLE 3-4 Copper Tube Sizes and How a Plumber 
Orders Each Common Size 


Nominal Order 
Size OD ID Order As Using 


1/8” 1/4” 1/8" 1/4" OD 
1/4” 3/8” 1/4” 3/8" OD 
5/16” 5/16” 3/16" 5/16" 
1/2" OD 1/2” 1/2" OD 


1/2” 5/8” 1/2" 
3/4" 7/8" 3/4" 
1-1/8" 
1-3/8" 
1-5/8” 
2-1/8" 24 


1-1/4" 
1-1/2" 
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you order, you must indicate SH or DH. The abbre- 


: 7 Í viated version for ordering a DH piece of SWCI pipe 
, fi Ton exp BE n § is DHSWCI. Various lengths of SW pipe are sold to 
- When ordering 3/8” OD and 1/4” OD - accommodate an installation and to minimize the 

: number of plain end pieces that would otherwise 


: wholesal let, you may hav Í 
. a a cde wale Nee . be wasted. The three most common SW lengths are 


specify their intended use, such as foran 30", 5’, and 10’. SW pipe that is ready for installa- 
icemaker or a dishwasher, to ensure that tion has one plain end and a hub on the other end. 

: ; : SW is joined with a black neoprene gasket that is 
k you areiordering the correct size : often called an SW gasket. Lubricant is used to slide 
the plain end into the gasket-lined hub. 


NH gets its name from having two plain ends or 
no hubs. NHCI pipe is only available in 10’ lengths. 
CAUTION NH is joined with a stainless steel band encasing a 
neoprene sleeve that is often referred to as an NH 
clamp or NH coupling (Fig. 3-13). It slides over 
the pipe ends and is tightened with a specially de- 
signed torque wrench (as shown in Fig. 1-52). Both 
types of cast iron pipes are cut with chain cutters. 
Figure 3-14 is a section view of an SW hub and gas- 


CAST IRON PIPE ket, and the hub is also referred to as a bell. 


Cast iron pipe is often used in residential DWV 
systems for vertical installations to allow a quieter 
draining process in walls. The two most common 
types of cast iron used in a plumbing system are no 
hub (NHCI) and service weight (SWCI) (Fig. 3-12). 
They have different minimum sizes and methods of 
connection. Because codes do not allow pipes smaller 
than 2” to be buried below ground and because SW 
is most often used there, 2” SW is the smallest size 
available. The largest size typically used in the resi- 
dential plumbing industry is 6”. NH is more com- 
mon for above-ground installations—1-1/2” is the 
smallest and 4” is usually the largest. Cast iron pipe 
is also referred to as soil pipe. 


SWCI pipes are available in various lengths with 


either a single hub (SH) or a double hub (DH). When FIGURE 3-13 No hub 


SIDE VIEW couplings. 


NO HUB ASTM A888 


ee EE e a WEIGHT ASTM A74 SERVICE WEIGHT GASKET SLIDES INTO HUB 


FIGURE 3-12 No hub and service weight cast FIGURE 3-14 Service weight hub, also 
iron pipe. known as a bell. 
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: from experience... 


NHCI and SWCI pipe can also be joined 
with a rubber transition coupling, which 
uses the same 5/16” torque wrench that 
tightens NH clamps. It does not have a 
stainless steel sheathing and may require 
additional support near the connection of 
the two horizontal pipes, so the pipe does 
not sag at the connection. 


CAUTION 


STEEL PIPE 


Galvanized and black steel pipe are the two kinds 
generally used in the residential plumbing indus- 
try (Fig. 3-15). Galvanizing is a process that coats 
steel pipe to minimize corrosion, so that it can be 
used to distribute potable water. The pipe may still 
rust under extreme conditions. Black steel pipe can- 
not be used for potable water distribution. However, 
it is used for residential gas supply piping. Galvanized 
pipe can also be used for DWV systems and was the 
material of choice in the early and middle twentieth 


FIGURE 3-15 Galvanized and black steel pipe. 
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century. Many gas codes allow galvanized pipe to be 
installed for gas systems. Though steel pipe is sold 
with plain ends, most smaller pipe sizes are manufac- 
tured with threads on each end. The most common 
type of steel pipe for residential applications is Sched- 
ule 40, which indicates its wall thickness; Schedules 
10 and 80 are also available, but they are not rele- 
vant in the residential plumbing industry. 


The standard length of steel pipe is 21’, and the 
most common sizes in the residential industry range 
from 1/2” to 1". The IPS standard referred to in the 
PVC and ABS sections of this chapter originated from 
this type of material. Threads comply with a National 
Pipe Thread (NPT) standard (Fig. 3-16). An NPT is 
tapered with the smallest diameter of the thread at 
the pipe end to allow proper tightening as the pipe 
is threaded (screwed) into a fitting. The number of 
threads per inch (TPI) is part of the NPT standard 
and varies based on the diameter of the pipe. A 3/4” 
NPT has 14 TPI, and a 1” has 11-1/2 TPI. Short man- 
ufactured threaded pieces of pipes known as nipples 
are typically available in lengths up to 6”, but some 
wholesale stores offer longer custom lengths (Fig. 
3-17). Pipe nipples are typically available in incre- 
ments of 1/2”. Some threaded steel pipe is shipped 
from the manufacturer with a plastic protective cap 
on one end and a shipping coupling on the oppos- 
ing end. The shipping coupling is discarded before in- 
stalling the pipe as it does not have tapered internal 
threads and cannot be used in a plumbing system. 


Before a steel pipe is connected, a joint com- 
pound known as pipe dope, which is specifically 
designed for safe use in a plumbing system, is ap- 
plied to the threads. The pipe is then threaded into a 


SIDE VIEW 
THREADS PER PITCH 
INCH (TPI) 60 


1° TAPER OVER 47'-0" 


FIGURE 3-16 National Pipe Thread standard for 
plumbing systems. 
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FIGURE 3-17 Various lengths of pipe nipples. 


fitting and tightened with pipe wrenches. Steel pipe 
is cut with a specially designed tool known as a cut- 
ter, and then the burr created during the cutting pro- 
cess is removed with a reamer. Threads are created 
on the exterior of the pipe end with threading dies. 
Specially formulated oil, also known as cutting oil, 
is constantly applied over the pipe end during the 
threading process. 


: from experience... 


Always protect threads to avoid dam- 
age by ensuring that the protective cap . 
and shipping coupling remain on the pipe 
ends. Duct tape can be used to protect 
and cover the ends of the pipe so that the 
debris will not enter it while it is stored 
and handled. 


CAUTION 


CAUTION 


BRASS PIPE 


Brass pipe was used extensively in the early to mid- 
dle twentieth century for water distribution systems, 
but it is no longer the material of choice. It is more 
corrosive resistant than galvanized steel and is used 
to manufacture faucets, valves, and other prod- 
ucts used for potable water, such as pipe nipples. 
The threads comply with NPT standards and are 
manufactured as IPS. Common brass nipples range 
from a short length, or close nipple, up to 6” long 
(Fig. 3-18). A close nipple has threads through- 
out its length with no exposed pipe between the 
opposing threads. The total length of a close nip- 
ple depends on the pipe size because of the varying 
TPI of a specific pipe diameter. A smaller-diameter 
close nipple is shorter than a larger-diameter close 
nipple. 


Brass nipples are commonly used for mak- 
ing connections to plumbing equipment, such as 
some water heaters. Brass pipe is chrome plated 
to use in exposed areas, such as the showerhead 
connector. A manufacturer performs the chrome- 
plating process, and care must be taken when 
working with chrome to protect the finished sur- 
face. Strap wrenches are used to tighten chrome 
nipples to keep from scarring the finished sur- 
face. Brass pipe is cut, threaded, and assembled 
with the same methods as galvanized and black 
steel pipe. 


PERFORATED PIPE 


Perforated pipe (Fig. 3-19) is most often used in 
the residential plumbing industry for septic tank 
systems and is usually manufactured from PVC. 


from experience... 


A wide variety of chrome nipples are usu- 
ally not readily available in most plumb- 
ing wholesale stores, and specific sizes 
i may have to be specially ordered. Identify f 
> all quantities and sizes of chrome nipples : 
required at an early stage of construc- : 
tion to minimize material organization 
problems. 
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FIGURE 3-18 Brass close nipple. 


SIDE VIEW 


FIGURE 3-19 Perforated pipe commonly used 
in a septic tank system. 


The most common size is 4” in diameter and 10’ 
in length. A thin-wall type of perforated piping is 
most often used in a septic system design to drain 
wastewater below ground (subsurface). The pipe 
has a series of 5/8” diameter holes along its sides 
that allow the water to drain from the pipe into 
surrounding stone, gravel, and soil. Another pos- 
sible use is draining groundwater from houses 
that have basements (cellars) and experience 
water entering through the floor. A trench can be 
excavated and the perforated pipe be installed in a 
fabric-lined bed of washed stone. The groundwa- 
ter is filtered through the fabric and weeps through 
the perforations of the pipe. The trench and piping 
is sloped away from the house or toward a des- 
ignated interior area where it enters a tank to be 
evacuated with a sump pump. 


Most perforated pipe has a bell end and a plain 
end, which is joined with a solvent-weld process 
(glued). Perforated pipe can also be useful as a liner 
in a vertical water well to extract potable water 
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from below ground. The lining process creates a 
stable vertical shaft and protects the suction piping 
and pump if a well collapses. 


eeeecereree rece e eee eee ese eee ee see ee ee eee, 


from experience... 


Well-casing codes may require Sched- 

ule 40 pipe to be used, but if perforated 
: Schedule 40 is not available, a series of ? 
holes can be drilled along the sides of a : 
non-perforated PVC pipe. 


eevee ee eee 


CORRUGATED STAINLESS 
STEEL TUBE 


Corrugated stainless steel tube (CSST) is used 
for gas distribution. It is a flexible stainless steel 
tube sheathed with a yellow plastic jacket (Fig. 
3-20[A]). Yellow is an approved industry-standard 
color to identify gas piping. As with all flexible tub- 
ing, offsets in a CSST system can be created with- 
out installing pipe fittings. CSST is sold on wooden 
spools in 150’ to 250’ lengths in sizes ranging from 
1/2” to 2” diameter. Connections of CSST are made 
with self-flaring fitting (Chapter 4). Code agencies 
address concerns with this product pertaining to 
dangers from lightning by mandating specific in- 
stallation practices. National Fire Protection As- 
sociation (NFPA) installation guidelines have been 
included in CSST manufacturer installation in- 
structions. Figure 3—20(B) shows a hole in the inner 
stainless tubing caused by a lightning strike. Rigid 
gas piping such as black steel can leak after a small 
earthquake, but flexible tubing can absorb the 
shock and move with a structure. Manufacturers 
offer CSST connectors that are factory assembled 
to connect an isolation valve to a water heater or 
an appliance. Codes mandate these manufactured 
CSST connectors in earthquake-prone areas of the 
United States. 
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SIDE VIEW SU) D [ RY 
UNROLL TUBING 
$$$ 


e Pipe and tubing are manufactured to specific 
standards. 

e American Society for Testing and Materials 
(ASTM) and National Sanitation Foundation 
(NSF) are organizations that rate materials. 

e Copper tube is rated as Types. 


e The most common pipe ratings are known as 
schedules. 


(A) e Plastic pipe and flexible tubing have maximum 
temperature ratings. 

e Polyvinyl chloride (PVC) can be used for drain- 
age waste and vent (DWV) and limited water 
distribution installations. 

e PVC cannot be used for water distribution in- 
side a building. 

e Chlorinated polyvinyl chloride (CPVC) can be 
used for water distribution inside a building. 

e Cross-linked polyethylene (PEX) is a flexible 
tubing used for water distribution. 


e Two different connection methods are commonly 
used for installing PEX fittings to the tubing. 


(B) 


Courtesy of the National Association of Home Builders Research Center. 


e Solvent-welding process is known as gluing 


plastic pipe connections. 
ees 


FIGURE 3-20 (A) Corrugated stainless steel tub- 
ing used for gas distribution. (B) CSST tubing dam- 
aged by a lightning strike. e Copper can be mechanically connected with 


| compression or flared joints. 


e Service weight (SW) and no hub (NH) are the two 
types of cast iron pipes used for DWV systems. 


CAUTION e Black steel pipe and corrugated stainless steel 
tubing (CSST) are used for gas piping systems. 


e Copper connections are completed with a weld- 
ing process known as soldering or brazing. 


e Galvanized steel pipe is used for water distri- 
bution systems and some states allow it for gas. 

e Brass pipe and fittings can be used for all piping 
systems. 
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GREEN CHECKLIST 


L] 


L] 


Leadership in Energy and 
Environmental Design is 
abbreviated as LEED. 


LEED certification is obtained 
for “Green” building 
projects. 


REVIEW QUESTIONS 


1. 


Copyright 2011 Cengage Learning. All Righ 
Editorial review has deemed that any suppressed ed 


The abbreviation OD stands for 
a. Odd diameter 

b. Outside diameter 

c. Opposing distance 

d. Over dimension 


. The most common type of PVC 


and steel pipe based on their wall 
thickness is rated as 


a. Schedule 40 
b. Schedule 10 
c. Schedule 80 


d. Schedule 50 


L] 


L] 
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Plumbers recycle copper and brass 
regularly, which are considered 
precious metals. 


Plumbers can be environmentally 
friendly by recycling scrap 
materials and cardboard. 


PE is the abbreviation for 
a. Polybutylene 

b. Cross-linked polyethylene 
c. Polyethylene 

d. Plastic exterior 


CPVC is used in a residential 
installation for 


a. Non-potable water systems 
b. DWV systems 

c. Gas systems 

d. None of the above is correct 


PEX is joined with either an 
expanding process or 


a. Crimp ring 

b. Hose clamp 

c. Solvent weld 

d. Soldering process 


The color of ABS pipe is 
a. White 

b. Black 

c. Blue 

d. Yellowish-white 


81 


82 


SECTION 1 


10. 


11. 


12. 


Tools and Materials 


The two common types of cast iron 
pipe are no hub and 


a. Service weight 
b. Galvanized 

c. Perforated 

d. Threaded 


1/2" ID copper tube is also ordered as 
a. 1/2” OD copper tube 
b. 5/8” OD copper tube 
c. 3/8” OD copper tube 
d. 7/8” OD copper tube 


Polyethylene tubing is joined with 
hose clamps and 


a. Crimp fittings 
b. Threaded fittings 
c. Barbed fittings 
d. Soldered fittings 


A service weight cast iron pipe with 
two hubs is ordered as 


a. DHSWCI 
b. SWCIDH 
c. SWDHCI 
d. SWSHCI 


Corrugated stainless steel tube is 
used for 


a. Cold water distribution 

b. Gas distribution 

c. Hot and cold water distribution 
d. Drainage waste and vent 


Actual pipe sizes vary depending 
on the material type and are 
ordered using their 


a. Nominal size 

b. Actual inside dimension 

c. Actual outside dimension 

d. None of the above is correct 


13. 


14. 


15. 


16. 


17. 


18. 


Most plastic pipe and tubing must 
be protected from 


a. Water 

b. Air 

c. Ultraviolet rays 
d. Wind 


Three common types of copper 
tube are 


a. M, L, and K 
b. A, B, and C 
c. X, Y, and Z 
d. Schedules 10, 40, and 80 


A tapered pipe thread used in the 
plumbing industry complies with 


a. National Pipe Thread standards 
b. Straight Pipe Thread standards 
c. Standard Pipe Thread standards 
d. Beveled Pipe Thread standards 


IPS is the abbreviation for 
a. Internal pressure schedule 
b. Iron pipe size 

c. Inside pipe size 

d. Interior plastic standards 


The smallest length of pipe nipple 
manufactured is a 


a. Close nipple 

b. Small nipple 

c. Short space nipple 
d. Miniature nipple 


The American Society for 
Testing and Materials is 
abbreviated as 


a. ASFTAM 

b. ASFTM 

c. ASTM 

d. None of the above is correct 
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19. The abbreviation psi stands for 20. Pipe and tubing rated for interior water 
a. Per second interval distribution must be capable of handling 
water that is 


a. 180°F at 100 psi pressure 
b. 140°F at 100 psi pressure 
c. 100°F at 100 psi pressure 
d. 120°F at 120 psi pressure 


KNOW YOUR CODES 


1. Research and share with the class your local code regulating the 
distance from a house before transitioning to an approved type 
of pipe. For example, PVC pipe used for water supply is not code- 
approved for supplying hot water, and most codes do not allow 
the PVC to enter a building. 


b. Pounds per square inch 
c. Perfectly smooth interior 
d. Plastic standards institute 


2. Research your local codes pertaining to installing corrugated 
Stainless steel tubing (CSST). Write a summary of the code 
requirements for grounding/bonding the pipe to protect against 
lightning strikes. 
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CHAPTER 


OBJECTIVES Upon completion of this chapter, the student should be able to: 


e identify and describe common types of understand that some fitting materials can be 
fittings used in a residential plumbing used in all residential systems. 


installation. 
relate fitting design selection to plumbing codes. 


understand that certain fitting materials 
and designs can be used only for specific order fittings based on their installation 
systems. requirements, size, and materials. 
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adapter a fitting designed 
to adapt one pipe or fitting to 
another portion of a piping system 


bell an enlarged end of a pipe or 
fitting that receives another pipe 
end or fitting; also called a hub or 
socket 


bend an offset made in tubing 
on a job site; also a manufactured 
offset fitting 


bushing a compact reducing 
fitting that is inserted into a 
fitting hub (socket) 


cleanout a DWV fitting installed 
to clear obstructions from a drain 
or sewer 


closet bend a specially 
designed 90° fitting used as the 
last fitting of a drainage system 
serving a water closet (toilet); 
one side is 4” and the other is 3” 


combo abbreviated term meaning 
a combination of a DWV wye fitting 
and eighth bend (45°) fitting 


coupling a sleeve that connects 
two equal-sized pipe ends to form 
a continuous pipe 


drain a pipe that receives 
discharge from a fixture(s) 


DWV abbreviation for drainage 
waste and vent system 


elbow a fitting used to create 
an offset; also called a bend 


electrolysis a corrosion process 
caused by directly connecting 
dissimilar metals 


GLOSSARY OF TERMS 


female a fitting with internal 
threads that screws onto a male 
fitting 


hub an enlarged end of a pipe 
or fitting that receives another 
pipe end or fitting; also called 

a bell or socket 


joint a fitting connection 


male a fitting with external 
threads that screws into a 
female fitting 


offset describes all change of 
direction fittings or the routing 
of a piping system other than 
being installed straight 


p-trap a DWV fitting having a 
water seal, which is installed at 
each fixture not having an integral 
trap to prevent sewer gases from 
escaping into an occupied area 


reducer a fitting used to 
connect two different pipe sizes 
together. Reducer is different 
from bushing but accomplishes 
the goal of reducing a pipe size 


sanitary cross a four-way fitting 
that has limited use in a DWV 
system. It has the same compact 
design as a sanitary tee fitting 


sanitary tee a compact three- 
way fitting that has a sanitary 
flow pattern and has limited use 
in a DWV system 


socket an enlarged end of a 
pipe or fitting that receives 
another pipe end or fitting; 
also called a bell or hub 


stack a vertical drain or vent pipe 
rising more than one story in height 


street a type of offset fitting 
in which one end has the same 
outside diameter as a connecting 
pipe or fitting 


swing joint a fitting 
arrangement that creates an 
offset using two fittings 


tee a three-way fitting used to 
connect a branch pipe with a 
main portion of a piping system 
and is ordered based on the size 
of all three sides 


test tee installed in a DWV 
system to complete a test and 
can also be installed to serve as a 
cleanout in a vertical DWV pipe 


trap adapter a specialty fitting 
installed to connect a DWV stub- 

out pipe to a p-trap, also called a 
desanco 


union a three-piece fitting 
installed in a piping system to 
provide access without cutting 
the pipe and also used as a 
termination of the piping system 
to a piece of equipment 


vent a pipe dedicated to 
providing airflow, so that a 
drainage system can breathe 


water closet another name for 
a toilet 


wye a three-way DWV fitting 
with the branch connection being 
45° from the main portion of the 
fitting 
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revious chapters discussed the various 

pipe materials used in the residential 

plumbing industry; this chapter dis- 
cusses the fittings that are used to complete a 
piping system. Here we focus on fittings that 
have wide range of uses in various systems. 
Fittings with more specific uses are discussed 
in the relevant areas of this book. Using the 
correct tools and pipe materials is important 
in creating a productive installation. How- 
ever, it is the fittings that provide creative in- 
stallation routes with offsets and termination 
connections designed for specific uses. Some 
fitting materials must be of the same mate- 
rial as the pipe, but other materials are inter- 
changeable with many systems and types of 
pipe. For example, brass can be used for po- 


table water, DWV, and gas systems. 


The type of connection on a fitting also 
helps to determine the fitting’s use in a sys- 
tem. Threaded fittings can be used to con- 
nect two different materials in any system. 
Some fittings are combined with other fit- 
tings to achieve different degrees of offsets 
depending on the job. Because codes often 
dictate which fittings to use, productive 
plumbers must be knowledgeable about 
these codes to perform quality installations. 
For example, fittings for a water distribution 
system do not have a flow direction, so they 
can be installed in any position because pres- 
sure forces the water through the system. 
However, codes dictate that some kinds of 
fittings in a DWV system can be used only 
in certain flow situations. DWV installations 
have more regulations concerning fitting se- 


lection than other piping systems. 


“Green” initiatives have led plumbing sys- 
tem designers to use as much recycled prod- 
ucts as possible and to purchase products 
that are produced within a 500-mile radius 
of the installation. Leadership in Energy and 
Environmental Design (LEED), the area of 
an overall design of a building, categorizes all 
items for energy-efficient ratings. This rating 
extends beyond pipes, fittings, and valves used 
in the plumbing industry. It also covers water 
usage, energy efficiency of water heaters, and 
chemicals used. One aspect of being consid- 
ered Green is to minimize the travel distance 
between a product’s manufacturing location 
and its installation site. To receive LEED cred- 
its, a product cannot be manufactured more 
than 500 mile radius from the installation site. 
Specific LEED information is discussed where 


relevant throughout this book. 


DEGREE OF FITTINGS 


The 360° circle and the geometric right triangle 
provide the basis for describing the degree of offset 
of a fitting. The most common offsets used in the 
plumbing industry are 90°, one-fourth of a circle; 
45°, one-eighth of a circle; and 22-1/2°, one-six- 
teenth of a circle. Manufacturers design fittings 
to achieve numerous other offsets, but plumbers 
must at least be familiar with these three offsets. A 
22-1/2° fitting is used for DWV systems, and 90° 
and 45° fittings are manufactured for most other 
piping systems. The 45° fittings are not used in flex- 
ible tubing systems, because flexible tubing allows 
offsets that are created without fittings. 


Each offset fitting is also called an elbow, ab- 
breviated as ell, or a bend. The degree of a fitting is 
usually referred to when ordering fittings; however, 
DWYV cast iron fittings are ordered by the fraction 
of a circle the fitting represents. A cast iron 90° fit- 
ting is ordered as a quarter bend, a 45° fitting as 
an eighth bend, and a 22-1/2° fitting as a sixteenth 
bend. Figure 4-1 shows why an offset fitting is 
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22-1/2° fX 


FIGURE 4-1 An elbow or bend is used to describe 
an offset fitting. 


CIRCLE IS 360° —~ 


- DIAMETER 


22-1/2° 
RADIUS IS 
HALF THE 
DIAMETER 


FIGURE 4-2 Degrees of an offset relate to seg- 
ments of a circle. 


called an elbow or a bend. Figure 4-2 illustrates 
how fittings relate to the degrees of a circle. 


VARIOUS FITTING 
DESIGNS 


Before installing any piping system, a plumber must 
have a basic knowledge of fittings, codes, and job- 
site conditions as well as the correct materials to use 
for the specific system. Water distribution fittings 
are more compact than DWV fittings, because water 
flows through the piping with pressure. A DWV sys- 
tem drains by gravity and has unique fitting charac- 
teristics that limit the flow restrictions within a piping 
system. Fittings are classified by their designs and are 
named based on their material type and unique char- 
acteristics. Figures 4-3 through 4-12 show various 
fitting designs. Material types and fittings for specific 
systems are described throughout this chapter. 
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Fittings are available with one of two basic con- 
nections. Some can either receive pipe (i.e., have a 
hub) or be inserted into a hub or socket of a pipe 
end. Others, such as no-hub cast iron (NHCI) fit- 
tings, are connected with a specially designed clamp. 
A street fitting has one end that receives pipe and 
the other end with the same kind of connection as 
the pipe (Fig. 4-3). It is used mostly with offset fit- 
tings and is not available in all materials and de- 
signs. For example, NHCI is not available with a 
hub and, therefore, it is not a street design. 


Even though service-weight cast iron (SWCI) 
fittings are designed like street fittings, they are not 
called street fittings. Figure 4-3 illustrates socket and 
street-fitting designs. Flexible tubing does not use fit- 
tings with sockets, so it does not use street fittings. 
Socket depths vary depending on what material is 
used and on whether the fitting is serving a pressure 
or DWV system. Pressure-type plastic piping prod- 
ucts that use a solvent-weld (glue) joint have deeper 
sockets than do plastic DWV fittings. The sizes of 
smallest plastic DWV and smallest cast iron pipe and 
fittings are 1-1/4” and 1-1/2", respectively. Plumbers 
must be familiar with the common fitting designs 
and sizes available. Abbreviations are common in the 
plumbing industry, especially when referring to fit- 
ting connections. When you order fittings with differ- 
ent connecting ends, you must indicate the variations 
with their abbreviations. Many of these abbreviations 
are included in the relevant sections of this chapter. 


et FeO eeeeree rere eee ereceoe eee see eee e eee eeey, 


from experience... 


The abbreviation St. signifies that you are 
ordering a street fitting. A brass street 90° 
is ordered as Brass X St. 90°. 


atte eee ereeerec reer eceere eee sree ee eee ee ® 


SOCKET SOCKET 


SOCKET STREET 


SOCKET DESIGN STREET DESIGN 


FIGURE 4-3 Socket and street fitting designs. 
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OFFSETS 


The purpose of all offset fittings is to change the di- 
rection of piping. Several variations of 90° offsets 
are designed for specific uses. Figure 4-4 shows a 
90° fitting that creates a perpendicular change in 
the direction of a piping system. Pressure systems, 
such as water and gas, use a short design pattern, 
and DWV systems use a longer-radius design pat- 
tern. Figure 4-5 shows a 45° fitting, which is used 
extensively in most piping systems. Two 45° fit- 
tings can be joined to create a 90° offset. Figure 
4-6 shows a 22-1/2° fitting, which is common in a 
DWV system. Two 22-1/2° fittings can be joined to 


create a 45° offset. 22-1/2° 

A swing joint is a combination of two fittings B l 
that create an offset in a piping system. Some dif- FIGURE 4-6 A 22-1/2° fitting is one-sixteenth of a 
ficult piping installations often require a degree of circle. 


offset that cannot be achieved with the use of cer- 
tain fittings. A common swing joint configuration 
uses 90° and 45° fittings to offset around an ob- 
struction or to create a compact rolling offset. 


: from experience... ) 


: Many 90° fittings are available as reduc- 
ing 90°s. One end of the fitting is larger 

than the other connecting end to reduce 
7 pipe size. 


FIGURE 4-4 A 90° fitting creates a perpendicular +" 
offset that is one-fourth of a circle. 


TEES 


A fitting with three connections used for pressure 
systems is known as a tee. Three basic sizes are 
available for specific installation requirements and 
code adherence. DWV systems use a tee design with 
a different flow pattern than a pressure tee; it is dis- 
cussed in the DWV section of this chapter. The open- 
ings of a tee are identified as either run or branch 
for sizing and ordering purposes. Run openings are 
those in the direction of flow through a tee, and a 
branch is perpendicular to the run (Fig. 4-7). 


When ordering a tee, the largest opening is 
stated first, then the size of the run, and finally the 
size of the branch. One exception is the bullhead tee, 
in which the branch is larger than the run. In this 
FIGURE 4-5 A 45° fitting is one-eighth of a circle. case, the branch size is stated before the run size and 
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SIDE VIEW 


BRANCH 
SIDE 3 


FIGURE 4-7 Three sides of a tee are used for 


pressure piping systems. 


TABLE 4-1 Common Tee Sizes and How a 


Plumber Orders Each Tee 


Side 2 
Ve" 
Wi" 
3/4" 
3/4” 
124 
V24 


3/4" 
1 n 


1w 
1 


the term bullhead tee is included. If all three sides 
are the same size, then only that size is used to or- 
der the tee. When both sides of the run are the same 
size, the single run size and the branch size are used. 
The same set of dimensions is used to order a tee, 
regardless of the material type. Table 4-1 lists com- 
mon sizes of tees and how a plumber orders each 
one. Because all three sides of a copper tee have sol- 
dered connections, the abbreviation C x C X C is 


Side 3 


1/2" 
3/4" 
3/4" 
124 
124 
3/4" 
v 


used when ordering. 


Order as 
1/2” tee 
3/4" X 1/2" bullhead tee 
3/4" tee 
3/4" X 1/2" tee 
3/4" x 1/2" X 1/2" tee 
3/4" x 1/2" x 3/4" 
1” X 3/4 bullhead tee 


1” tee 


1” X 3/4” tee 
1” X 1/2" tee 
1” X 3/4" X 3/4” tee 
1” X 3/4" X 1/2" tee 
1” x 1/2” x 1/2” tee 
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For step-by-step instructions for tee size identifica- 
tion and reducing tee creation, see Procedures 4-1 
and 4-2 on pages 109-110. 


ee . eeceere eee eee eee eee eee eee eee eee eee 


from experience... 


A manufacturer or plumbing wholesale 

store identifies a tee based on run and 

- branch sizes. Always refer to the largest : 
opening first to ensure that you are order- 
ing the correct tee. 


COUPLINGS 


A coupling, also known as a sleeve, connects two 
equal-size pipe ends to form one continuous pipe 
(Fig. 4-8). Except for SWCI pipe, every piping system 
uses a coupling to connect two pipe ends. A coupling is 
not available in a street design. The connecting method 
for a piping system dictates whether a coupling has 
threads or a socket or is inserted into the pipe. A cou- 
pling designed for flexible tubing is inserted into the 
tubing. The coupling NHCI uses is called a clamp. 
SWCI double-hub fittings are rarely used because each 
pipe end has a bell to receive a plain pipe end. Some 
plastic pipe also has a bell on the end of each length of 
pipe to eliminate the need for a coupling. 


SIDE VIEW 
SOCKET-TYPE COUPLING 
MATERIAL PIPE STOP 
THICKNESS 
= 
SIDE VIEW 
INSERT-TYPE COUPLING 
USE COUPLING DESIGNED 
MATERIAL FOR SPECIFIC TUBING 
THICKNESS 


— 


COUPLING SLIDES INTO TUBING 


FIGURE 4-8 Couplings are used to connect two 
pipe ends of equal size. 
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from experience... 


The abbreviation for coupling, when 
ordering, is Coup. 


ete eeeeeeee cree eee ee eee ee eee eee ee ® 


REDUCERS 


A fitting that connects two different-size pipes is 
called a reducer. A reducing coupling joins two differ- 
ent-size pipe ends; both sides are designed to achieve 
the same result as a coupling. A fitting reducer is a 
street fitting; the largest side is the street side, which 
inserts into a socket of another fitting to reduce the 
pipe size. A fitting reducer is often used when other 
reducing fittings are not available. Inserting a fitting 
reducer into a coupling can create a reducing cou- 
pling. A reducing tee is created by inserting a fitting 
reducer into side 2 or side 3 of a tee (see Fig. 4-7). 
Flexible tubing has reducers that are inserted into 
tubing, but, because all fittings are inserted into the 
tubing, it is not considered a street design. 


NHCI also uses reducing fittings, but, because it 
does not use a socket connection, it is not available 
as a fitting reducer. NHCI reducers are made in long 
or short versions. Reducing NHCI couplings are also 
available for pipe reduction. SWCI reducers are de- 
signed like fitting reducers, but, because that is the 
basic connection design of SWCI, they are referred 
to as reducers and not as fitting reducers. Reducers 
can be used to create fittings that may not be avail- 
able for purchase. Reducing tees are often created 


et te eeeeee eee eee eer ee eee eee ee eee eee eee y 


from experience... 


When you purchase reducing couplings 
and fitting reducers in a wholesale store, 
make sure that you are purchasing the 
correct fitting. Store employees and cus- 
tomers often misplace items accidentally. 
Making the wrong selection decreases 
productivity on a job site. The abbrevia- 
tion for a reducer is Red., and that for a 
fitting reducer is Ftg. Red. 


ote eee rere eee eee ee ee eee eee eee eee e ® 


on job sites. Creating a reducing tee increases labor 
and material costs and often results in a tee that is 
physically larger than a manufactured reducing tee. 
Fittings with female threads on both ends are re- 
ferred to as reducers and not as reducing couplings. 
Threaded fittings are not available as fitting reduc- 
ers. Figure 4-9 shows a reducing coupling and a fit- 
ting reducer design. 


PIPE SLIDES INTO 
REDUCING COUPLING 


PIPE SLIDES INTO 
REDUCING COUPLING 


FIGURE 4-9 Reducing coupling is used to connect 
two different pipe sizes. 


BUSHINGS 


A bushing connects two different-size pipes. It is 
similar to but more compact than a fitting reducer. 
A bushing is inserted into a fitting hub and re- 
ceives a pipe end or street fitting. It is common in 
threaded and plastic systems, but is not used for 
NHCI, SWCI, and flexible tubing systems. Plas- 
tic piping systems use bushings that are solvent- 
weld (glue) into a fitting, and some are threaded 
internally to receive threaded pipe or fittings. Most 
codes do not allow metal materials to be screwed 
into plastic materials because expansion and con- 
traction of the piping system can cause the con- 
nection to leak or the plastic to break. Many gas 
codes do not allow a bushing, because the bush- 
ing can cause the fitting that receives it to crack. 
Instead, most codes require that the pipe size be re- 
duced with a reducing coupling. If your local code 
does allow bushings to be installed in a gas pip- 
ing system, it might dictate that the system remain 
exposed and not be concealed in a wall or ceil- 
ing. Figure 4-10 illustrates a threaded and a DWV 
polyvinyl chloride (PVC) bushing. 


CAUTION 
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: from experience... } 
- A PVC bushing receiving threads from a 
: steel pipe end or fitting should be Sched- 
ule 80, not Schedule 40. Schedule 80 is 
thicker than Schedule 40 and is gray in 


- Color instead of white. The abbreviation 
> for bushing is Bush. : 


FIGURE 4-10 Threaded and PVC bushing are 
used to reduce pipe size. 


MALE ADAPTERS 


A fitting with external threads on one end anda .* 


socket connection on the other end is known as a 
male adapter. The socket portion is designed to con- 
nect to a specific type of material, but the threaded 
portion can connect to any material that is compatible 
according to National Pipe Thread (NPT) standards. 
A male adapter is manufactured to iron pipe size (IPS) 
standards. It has the same outside diameter as that of 
equally sized steel pipe threads, regardless of the ma- 
terial used to produce it. Most fitting manufacturers 
make a male adapter, and many offer a street male 
adapter. NHCI, SVCI, and threaded steel systems do 
not use male adapters. Small copper male adapters 
are available with a street end. Flexible tubing systems 
use male adapters that insert the unthreaded portion 
into the tubing, leaving the threaded portion exposed 
to be screwed into the desired location. Plastic piping 
systems are connected to metal systems with plastic 
male adapters threaded into metal fittings. A sealing 
compound called pipe dope or a sealing Teflon tape 
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FIGURE 4-11 A male adapter is used to connect 
unthreaded piping to female threaded connections. 


is applied to the male threads before screwing them 
into the receiving threads to eliminate leaks. Specialty 
fittings with male threads are made from various ma- 
terials. For example, a brass 90° fitting with a socket 
end and a male threaded end can be installed in a 
copper system. Steel piping systems do not use male 
adapters. Figure 4-11 shows a male adapter that con- 
nects a pipe to a female thread. 


ot te eee eree reer sees 


: from experience... 


-The letter M signifies a male adapter. The: 
: abbreviation used to order a copper male: 
adapter is C x M. 


eoceree eee eee reece eee, 


FEMALE ADAPTERS 


A fitting with internal threads on one end and a socket 
on the other end is a female adapter. The threaded 
portion of a female adapter is the opposite of a male 
adapter. The socket is connected to a specific mate- 
rial, but the threaded portion can receive any type of 
material that has external tapered threads compatible 
with NPT standards. Female adapters are also manu- 
factured to IPS standards. Most fitting manufacturers 
offer female adapters, and some make small-diameter 
adapters as street designs. Threaded steel piping sys- 
tems do not use female adapters. Female adapters used 
in NHCI and SVCI systems are called tapped adapt- 
ers. In flexible tubing systems, the unthreaded portion 
of a female adapter is inserted into the tubing, leaving 
the female threads exposed to receive male threads. 
Plastic female adapters should not be connected to 
metal male threads because the female adapter can 
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split when the metal piping expands. Pipe dope, which 
is applied to male threads to seal a threaded connec- 
tion, should never be applied to the internal threads 
of a female adapter. Excess joint compound can travel 
through a piping system, creating an obstruction and 
blocking the passageways of the devices installed in a 
system. Specialty fittings with female threads are made 
from various materials. For example, a brass 90° fit- 
ting with a socket end and a female threaded end can 
be installed in a copper system. Figure 4-12 shows a 
female adapter used to connect a pipe to a male thread. 


FIGURE 4-12 A female adapter is used to connect 
unthreaded piping to male threaded connections. 


from experience... 


: The letter F signifies a female adapter. 
: The abbreviation used to order a copper 
: female adapter is C x F. 


eeeece 


UNIONS 


A three-piece fitting designed to provide direct access 
within a piping system is called a union. Most codes 
specify that unions must remain accessible, and most 
gas codes dictate that a union cannot be installed in 
a ceiling. Similar and dissimilar materials can be con- 
nected in a number of ways. Unions connect inline 
systems to piping systems. They are used primarily 
in pressure systems, but can also be used in portions 
of DWV systems that require sewage pumps. Unions 
installed on equipment such as water heaters make re- 
placement easier. On many water heaters copper tube 
connects to a steel storage tank, necessitating a con- 


FIGURE 4-13 Dielectric union is used to connect 
dissimilar metals. 


can result in a process known as electrolysis, which 
causes the metals to corrode. To avoid electrolysis, a 
five-piece dielectric union is installed to the copper 
tube and to the steel tank to isolate the connection 
between the dissimilar metals. A rubber gasket seals 
the connection to eliminate a water leak, and a plastic 
composite material isolates the copper tube connec- 
tion to the union tightening nut. Figure 4-13 shows a 
dielectric union designed to prevent electrolysis. 


The typical three-piece union is not designed 
to connect dissimilar metals, but to connect pipes 
of the same material and separate the piping with- 
out cutting the pipe. The method of connecting 
the union to the pipe varies with the type of pipe. 
Unions connecting compatible plastic piping mate- 
rials are solvent welded, but threaded unions can be 
connected to plastic pipe with a male adapter. Steel 
piping uses threaded unions that are connected to 
the male threads of a pipe end. Figure 4-14 illus- 
trates a PVC union and a threaded union. 


: from experience... 


Connecting a dielectric union to a water 
heater with a brass nipple is the best in- 
:_ Stallation option. Galvanized nipples are — 
: also approved for this use, but they can Í 
eventually cause rust to form inside the : 
: piping system. Many water heaters are ; 
- manufactured with a pipe nipple that : 
< connects directly to the dielectric union. : 


nection between two different metals. This connection .* °°" 
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FIGURE 4-14 PVC and threaded unions are used 
to separate a piping system. 


WATER 
DISTRIBUTION 
SYSTEMS č č  Ž Ž 


Water distribution systems provide safe drinking 
water to our homes. Water that is safe for human 
consumption, known as potable water, is free from 
impurities. California enacted a law beginning 
January 1, 2010, that redefined the term lead free, 
and this redefinition affects plumbing products. 
Lead free does not mean a product cannot con- 
tain any lead. The National Sanitation Founda- 
tion (NSF) states “The State of California enacted 
legislation (AB 1953) which revises the term “lead 
free” as it relates to any pipe, pipe or plumbing 
fitting, or fixture intended to convey or dispense 
water for drinking or cooking. For these products, 
“lead free” means not more than a weighted av- 
erage lead content of 0.25 percent. The weighted 
average is determined by multiplying the lead con- 
tent of each wetted component times the propor- 
tion of the total wetted surface area represented 
by that component and summing up the results.” 
Even the manufacturer guidelines of the January 
1, 2010, California Lead Free law remain that no 
pipe or fitting in a potable water system can con- 
sist of more than 8 percent lead. Additional infor- 
mation can be found on the California Department 
of Toxic Substances Control website (http://www 
.dtsc.ca.gov/). 
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So far, this chapter has focused on basic fittings 
and how they are used in various systems. It will 
now discuss specific systems and the unique fit- 
tings used within these systems. Residential water 
distribution systems can use six types of materials. 
Piping installed outside a residential building can 
be different from that installed inside the building. 
Some of the materials used outside for distributing 
water to a house cannot be used for distributing it 
inside the house. Most codes dictate that any pip- 
ing material approved only for exterior use must 
adapt to approved interior piping no closer than 5’ 
from the exterior of the house. Table 4-2 lists the 
six materials that are discussed separately in this 
chapter as well as the fitting materials used to com- 
plete a system. 


TABLE 4-2 Water Distribution Materials 


Connection 
Pipe Type Fitting Type(s) Type 
PEX Brass Crimped/ 
Expanded 
CPVC CPVC Solvent 
Welded 
Copper Copper and Soldered 
brass 
Polyethylene Nylon, brass, Clamped 
and galvanized 
Galvanized Galvanized Threaded 
Brass Brass Threaded 


WATER DISTRIBUTION 
FITTINGS 


Figure 4-15 shows various fitting designs used spe- 
cifically in water distribution systems. Many other 
fittings are also used, but the ones shown are the 
most common. Specialty fittings are manufactured 
for various connections. The use of a brass fitting 
with a soldered end is determined by the connec- 
tion rather than the material used. Any connection 
that is to be soldered is ordered as copper and ab- 
breviated as C. A drop-ear 90° with both connec- 
tions to be soldered is ordered as a C X C DE 90°. 
A drop-ear 90° with one connection to be soldered 
and the other with female threads is ordered as a 
C x F DE 90°. 
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(A) 


(©) 


FIGURE 4-15 Water distribution fittings (A) 
Galvanized cap, PVC pressure cap, and copper cap. 
(B) Copper x male 90°, copper x female drop-ear 
90°, and copper x copper drop-ear 90°. (C) 
Threaded galvanized plug, brass threaded street 90°, 
and brass threaded street 45°. 


: from experience... 


A company’s installation practices and 

preferences might dictate the materi- 

als and the number of fittings used to 

create various offsets. The most impor- 
: tant considerations in choosing fittings 
- are whether the materials are approved : 
- for use in a potable water system and : 
whether they are compatible with the ; 
type of piping installed. 


eececerecerc ere ec eee eee eee eee eee eee ese ee 


PEX 


Cross-linked polyethylene (PEX) has become one 
of the most popular materials for water distribu- 
tion systems in residential construction. Fittings 
and accessories used with PEX are typically made 
of brass, but a leading manufacturer does offer 
them in a new plastic material known as Polysul- 
fone (PLS). These fittings have a unique ribbed 
pattern on the exterior for holding once they are 
installed. Depending on the type of tubing installed, 
these fittings can be connected either by crimping 
or by expanding. 


In the crimping method, a fitting is inserted into 
the tubing, secured with a crimp ring, and crimped 
with a crimping tool. In the expanding method, a 
PEX ring slides over the tubing, an expander tool is 
inserted into the tubing, and the tube is expanded. 
The fitting is selected based on the installation 
requirements, such as an offset in a pipe route or 
a connection to another type of pipe. Figure 4-16 
illustrates the unique features of a PEX fitting. PEX 
adapts to other approved materials with adapters or 
connectors designed for that purpose—usually male 
or female adapter fittings (see Fig. 4-17). PEX easily 
adapts to copper with a fitting that has compatible 
design features for both materials. Several varia- 
tions of connectors are available. Some slide over 
the copper fitting; others slide into the copper fit- 
ting, which allows a more compact connection and 
eliminates the use of the copper pipe between a cop- 
per fitting and a PEX-to-copper adapter. A PEX X 
copper adapter that slides over the copper tube is 
ordered as PEX X C. 
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FIGURE 4-16 PEX fittings are inserted into PEX 
tubing and crimped in place or expanded. 


FB77/F 2023) tii ox 


FIGURE 4-17 PEX can be connected to copper 
using various adapters. 


: from experience... 


One advantage of a PEX installation is 
«that the system can be pressurized imme- 
: diately; it does not require a curing time 
like a solvent-welded (glued) system does. 


CPVC 


Chlorinated polyvinyl chloride (CPVC) is another 
popular choice of material for residential water dis- 
tribution systems. Because most plumbing codes 
approve using both CPVC and PEX for water dis- 
tribution systems, the choice of one over the other 
is typically a matter of preference. CPVC fittings are 
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manufactured from the same materials as the pip- 
ing, and connections are solvent welded (glued) with 
special glue. CPVC glue cannot be used with other 
types of plastics. After an installation is complete, a 
solvent-welded joint must cure for about 24 hours 
before the system can be pressurized. This curing 
time is usually not a problem unless it is too hot or 
too cold. In any event, always follow manufacturer 
instructions. Repairing CPVC connections does pose 
a problem for homeowners because they are left 
without water while the joint cures. CPVC, though 
flexible, is not as flexible as PEX, and is usually called 
pipe and not tubing. Offset fittings are required to 
create 45° transitions in CPVC pipe routes; offsets 
cannot be created by bending as with PEX tubing. 
CPVC is usually connected to other materials using 
male and female adapters. CPVC male and female 
adapters are manufactured with brass threads, and 
some have CPVC male and female threads. Figure 
4-18 shows a CPVC male adapter that is connected 
to other piping systems such as copper. 


MMIOTSICRUCIHA 


FIGURE 4-18 CPVC is connected to copper with 
male and female adapters. 


: from experience... 
Installing male and female adapters with 


brass threads ensures a higher-quality 
installation. 


COPPER 


Three different grades of copper tube are used for wa- 
ter distribution systems, but the fittings for all three 
are the same. Copper fittings for water distribution are 
different from DWV system’s copper fittings. Copper 
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FIGURE 4-19 Copper tube is slid into a copper 
fitting. 


DWV fittings have a greater radius and a shallower 
socket because a DWV system drains by gravity com- 
pared to water distribution systems in which pressure 
forces the water to flow. Copper fittings are joined to 
copper tube by soldering or brazing. For soldering, 
the tube ends are sanded clean, and the fittings are 
cleaned with a wire brush. The tube end and fitting 
sockets are thinly coated with a specially formulated 
paste, called flux, and assembled. Heat is then ap- 
plied to the fitting, which melts the flux, and a lead- 
free filler material, known as solder, is used to weld 
the fitting to the tube. The soldering process increases 
labor costs on a job site, which is one of the main rea- 
sons that PEX and CPVC have become popular for 
residential construction. Many fittings used in copper 
systems are made of brass but are soldered like cop- 
per fittings. Figure 4-19 illustrates how a copper fit- 
ting is connected to a copper tube. 


from experience... 


Copper is still used in many regions of 
the country for residential installations. 
Although PEX or CPVC is the material of 
choice, copper is popular for making the 
final connections to water heaters. 


. eoet teres eseeesee ees eseeeseeeesesse ® 
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POLYETHYLENE 


Polyethylene (PE) tubing uses nylon and galvanized 
or brass fittings. PE fittings have a unique ribbed 
design, which is compatible only with PE tubing. 


FIGURE 4-20 Polyethylene fitting is secured to 
tubing with a stainless steel hose clamp. 


The hose clamp is placed over the PE tubing, the 
fitting is inserted into the tubing, and the clamp is 
placed near the pipe end and tightened with a screw- 
driver or nut driver. PE tubing is approved only for 
using outside a building, and most codes dictate that 
it must not be installed less than 5’ from a building. 
The connection from the PE tubing to a material ap- 
proved for interior use is usually made with a male 
adapter. Several types of PE tubing are manufac- 
tured for water service and irrigation installations, 
but all of them use the same fittings. Figure 4-20 
shows a PE fitting connected with PE tubing. 


GALVANIZED AND BRASS 


Galvanized pipe is no longer used for entire water 
distribution systems, but galvanized fittings and nip- 
ples are still installed. Rust is produced when galva- 
nized material is exposed to certain water qualities, 
which makes it a poor choice for use in water distri- 
bution systems. Therefore, brass materials are more 
widely used in water distribution systems. How- 
ever, galvanized materials are often used to cap or 
plug pipe ends and to test piping systems because 
they are less expensive than brass. Both materials 
are approved for use throughout water distribution 
systems, but brass fittings are used where poor wa- 
ter quality is present and galvanized materials will 
corrode. Threaded galvanized and brass fittings are 
manufactured to IPS and NPT standards and are 
compatible with threaded adapters made from other 
materials. Galvanized materials cannot be legally 
connected to copper unless a dielectric union is used 
to avoid electrolysis. Brass connections of many 
kinds are commonly used in the repair industry. 
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FIGURE 4-21 Galvanized fitting is commonly used 
to test water distribution systems. 


Brass fittings are chrome plated and installed in 
finished locations. They are also used with copper, 
PEX, and PE and are designed to be compatible 
with each pipe or tubing. The residential plumbing 
industry is competitive, and, although brass may be 
too expensive for new construction projects, it does 
provide a higher-quality installation. Figure 4-21 il- 
lustrates one type of galvanized fitting used in test- 
ing a water distribution system. 


PVC 


PVC can be used only for the exterior portion of a 
residential water distribution system. Pressure rating 
and fitting designs for PVC are different from those 
for DWV. The flow radius of the fittings for PVC is 
more compact, and the fitting socket is deeper, so 
the solvent-welded joint can be exposed to higher 
pressure. CPVC male and female adapters are avail- 
able with both brass and plastic threads, but PVC 
adapters are made only with plastic threads. A PVC 
female adapter should not be screwed onto a metal 
male adapter. The expansion and contraction of pip- 
ing systems could cause the plastic female adapter to 
crack and leak. Metal-to-plastic connections should 
be performed only with plastic male adapters and 
metal female adapters. The size of pressure PVC in 
residential applications is usually 3/4”. It often pro- 
vides water service from a meter to 5’ from the ex- 
terior of a house, and codes dictate that 3/4” is the 
minimum size that can be used to serve a single- 
family home. Pressure fittings are also used in some 
piping installations from the discharge of a sew- 
age pump or groundwater (sump) pump. The larg- 
est pressure fitting a residential plumber typically 


FIGURE 4-22 PVC male adapter is connected to a 
metal female adapter. 


uses is 2” in diameter. Irrigation systems use a thin- 
wall PVC pipe, but all pressure piping systems use 
the same type of fittings. Figure 4-22 illustrates the 
proper PVC-to-metal connection using male and 
female adapters. 


DRAINAGE WASTE 
AND VENT SYSTEMS 


Drainage waste and vent (DWV) represents the 
combined drainage and vent systems. Although 
codes for the installation of drainage and vent sys- 
tems vary, the same materials can be used for both 
systems. Fittings in DWV systems are designed to 
allow wastewater and sewage to flow out of a drain- 
age system with little resistance using only gravity. 
Horizontal drainage must be sloped downward and 
away from a fixture, and a vent must slope back to 
a drain to allow moisture to drain into the drainage 
system. DWV systems have more fittings with spe- 
cific uses than any other piping system. Knowledge 
of DWV codes that dictate the size and positioning 
of specific fittings is extremely important when se- 
lecting and installing DWV fittings. Table 4-3 lists 
the fitting materials used in a DWV system. Each 
common fitting and material type is explained sepa- 
rately in this chapter, and the common offset fittings 
were explained at the beginning of this chapter. 


Figure 4-23 illustrates the three flow directions 
that determine the proper use of drainage fittings. 
Table 4-4 lists common fittings installed in DWV 
systems and their approved flow positions based 
on plumbing codes. The radius of a fitting dictates 
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TABLE 4-3 DWV Fitting Materials 


Material 
DWV Polyvinyl Chloride 


DWV Acrylonitrile Butadiene Styrene 


No-hub Cast Iron 
Service-Weight Cast Iron 
Galvanized 

DWV Copper 


Tools and Materials 


Abbreviation 
DWV PVC 
DWV ABS 
NHCI 

SWCI 

Galv. 

Type DWV 


Residential Use 

Extensively throughout the United States 
Some states in the United States 

Vertical stacks for noise control 

Rarely 

Rarely 


Rarely 


ISOMETRIC VIEW 


FLOW 


VERTICAL PIPE —> ~— HORIZONTAL PIPE 


«——— _ HORIZONTAL-TO-VERTICAL 


FLOW 


VERTICAL-TO-HORIZONTAL ————>- 


HORIZONTAL-TO-HORIZONTAL ON 


HORIZONTAL PIPE ii 


HORIZONTAL PIPE —> 


FIGURE 4-23 Flow directions determine the correct fitting positions 
required by code. 


its flow position. A steady horizontal-to-horizontal 
flow of wastewater and sewage in a DWV piping 
system is interrupted as it changes course; there- 
fore, it requires a long-radius-pattern fitting. A 
horizontal-to-vertical flow is not restricted, so a 
standard-radius DWV fitting can be used. A vertical- 
to-horizontal flow can be restricted, so it requires a 
long-radius fitting. The 90° fittings are available in 
various styles based on their radius. 


A long-radius 90° is also known as a long-sweep 
90°, and a vent 90° might be called a short-sweep 
90°. Cast iron fittings are available in standard, 
short-sweep, and long-sweep 90° designs. A short- 
sweep, cast iron 90° does not have the same ra- 
dius as a plastic DWV short-sweep (vent) 90°, 
indicating that different materials have different 
radiuses and different identifying names. The cast 
iron, short-sweep 90° has a longer radius than a 
standard-radius, cast iron 90° and a shorter ra- 
dius than a cast iron, long-sweep 90°. A cast iron, 


Plastic DWV fittings are available in three 
basic 90° designs—vent, standard, and long radius. 
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TABLE 4-4 DWV Fittings’ Approved Flow Position’ 
Fitting 
Standard-radius 90° 
Long-radius 90° 
Wye 
45° 


Sanitary Tee 
Combo Wye & 1/8 
22-1/2° 


1Check your local code for exceptions to this list 
*Horizontal-to-horizontal flow transition 

3Horizontal-to-vertical flow transition 

4Vertical-to-horizontal flow transition 

5Can be used to turn out of a wall as the last fitting serving a fixture 
6Can be used as the last fitting serving a toilet 


short-sweep can be installed in any flow position 
according to most codes, but some codes dictate 
that a long-sweep 90° fitting be used for all posi- 
tions except horizontal to vertical. 


Fittings with 90° transitions by design, but having 
more than two connections with various radiuses, are 
explained later in this chapter. There are also excep- 
tions to some flow-pattern codes. Because walls and 
ceilings in residential buildings have limited space, 
many codes allow using a standard-radius 90° fitting 
as the last fitting to connect to a fixture even when 
the fitting is in the horizontal-to-horizontal position. 


from experience... 


A DWV system is the most difficult system 
to understand, but one that must be thor- 
oughly understood to become a licensed 
plumber. DWV fitting installation require- 
ments are strictly regulated by codes, and 
knowledge of all codes is required before 
selecting and installing any DWV fitting. 


eoceceeseeee eee sees eeee ee eey, 
ST eeceere eee sce eee eee eee ee eee * 


WYE 


A wye has three connections and is named so for its 
similarity to the letter Y (Fig. 4-24). The side outlet 
connection, known as a branch, is at a 45° angle to the 
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FIGURE 4-24 A wye fitting is used for drainage 
and vent systems. 


two other inline connections, which are known as the 
run. The 45° branch creates a direction of flow that 
eliminates the disturbance of wastewater flow within 
a DWV piping system. A wye can be installed with the 
branch and run in the horizontal and vertical posi- 
tions for drainage applications. It can also be inverted, 
placing the run in the vertical position and the branch 
facing downward to receive vertical vent piping. 


A 45° fitting can be joined with the 45° branch 
to make a 90° branch, thereby creating the same flow 
pattern as a combo fitting. A double-wye fitting has 
two branches, both on a 45° angle from the run, and 
on opposite sides of the fitting. Some codes may not 
allow a double wye to be installed with all four con- 
nections in the horizontal position to ensure that one 
side (branch) is not sloped away from the run. A dou- 
ble wye is often installed horizontally under a double- 
bowl kitchen sink to connect the two bowls or in the 
inverted (upside-down) position in a vent system. 


from experience... 


A wye is one of the most versatile fittings 
in a DWV installation. Code recognizes 
the 45° branch as the imaginary line 
between horizontal and vertical flows. 
Vertical is any position from true vertical 
to 45° from true vertical. Horizontal is 
considered to be anywhere from true 
horizontal to 45° from true horizontal. 


eeoereceec eee eee eee eee eee ® 
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COMBO 


Combo is the trade name for a three-sided fitting 
that creates a long-radius 90° branch (side inlet) 
that is perpendicular to the run. Figure 4-25(A) 
shows a combo fitting made on a job site using two 
fittings, and Figure 4—25(B) shows a manufactured 
single fitting. Installing a manufactured combo fit- 
ting eliminates the need to create a single fitting by 
combining a wye and 45° branch. A cast iron 45° 
fitting is also known as a one-eighth bend, and a 
combo is commonly known as a combo wye and 
one-eighth bend. A combo is used extensively in the 
drainage system with the branch and run placed in 
the vertical or horizontal positions. The long-radius 
flow pattern of the branch directs the wastewater 
and sewage though a drainage system with little re- 
sistance. A combo can be used in the venting sys- 
tem as well, but a more compact fitting known as 
a sanitary tee (Fig 4-26A) is also widely acceptable 


SCH 40 ASTH D- 


(A) 


(B) 
a 


FIGURE 4-25 (A) A combo is used in all flow posi- 
tions of a drainage system. (B) A combo is typically 
manufactured as a single fitting. 


and is less expensive than a combo. A double-combo 
fitting is also available with two branches, each at a 
90° angle to the run, on the opposite sides of the 
fitting. Some codes may not allow a double combo 
to be installed with all four connections in the hori- 
zontal position to ensure that one side is not sloped 
away from the run. If code allows, a double combo 
can be used to connect two back-to-back fixtures. 


from experience... 


A combo might also be called a long TY 
(tee wye). 


eceecereceevey, 
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SANITARY TEE 


A sanitary tee is a compact fitting with three con- 
nections that is used in drainage and vent systems. 
Figure 4-26(A) shows the common position of a 
sanitary tee when used in a vent system, and Figure 
4-26(B) shows its typical drainage position. The side 
connection, known as the branch, creates a standard 
radius that is at a 90° angle from the run. The term 
sanitary indicates that it is used for the DWV system. 
A sanitary tee is similar to a tee in a pressure system, 
but it directs the flow of wastewater and sewage 
through a drainage system. Because the flow pattern 
is compact, the location of a sanitary tee in a DWV 
system is limited by code. Many codes state that a 
sanitary tee cannot be installed on its back, which 
means that it can be used only in horizontal-to-verti- 
cal flow position. A venting system does not handle 
wastewater, so most codes allow sanitary tees to be 
used in any position. However, many code officials 
do not allow using sanitary tees for venting applica- 
tions in any position that is not allowable by drain- 
age codes. A cast iron sanitary tee, called a tapped 
tee, has a female threaded branch. 


ecoceee eee eee eee eee eee eee eee eee eee eee ey, 


from experience... 


Many plumbers refer to a sanitary tee as a 
short TY (tee wye). A plastic DWV sanitary 
tee has the same radius as a standard- 
radius plastic DWV 90°. 


eoceceeseeeeereeoeeve, 
Seer eeeeeoeeeeceee 
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(B) 


FIGURE 4-26 (A) A sanitary tee is installed with 
the wastewater flow horizontal to vertical. (B) A sani- 
tary tee has code limitations on where they can be 
installed in a drainage system. 


SANITARY CROSS 


A sanitary cross has four connections, two of which 
are branches, and has the same flow pattern as a san- 
itary tee. It is used to connect fixtures that are located 
side-by-side and back-to-back. Most codes limit the 
kinds of fixtures that can be connected into the two 
branches. In addition, a sanitary cross is regulated like 
a sanitary tee. All sanitary crosses are available in the 
same materials as those used for DWV installations. A 
cast iron threaded version of a sanitary cross, known 
as a tapped cross, has female threads on its both 
branches. Various sizes of sanitary crosses are avail- 
able. In some, all four sides are sized equally; in oth- 
ers, the branches are smaller than the run. Figure 4-27 
shows a sanitary cross used in a DWV system. 


FIGURE 4-27 A sanitary cross is used to connect 
back-to-back and side-by-side fixtures. 


from experience... 


Some codes dictate that a sanitary 

cross cannot be used back to back or 
side by side to connect toilets or kitchen 
sinks with garbage disposal units. 

Codes that allow a toilet to be connected 
to a sanitary cross dictate that 

the branches can be connected only to 
another toilet. 


eececeereeee eee eee seerese eee ee, 
Seer eeeee ere roe soe e eee eee eres 


oct eee errr eee eee eee eee eee eee reece ® 


TWIN ELBOW 


A twin elbow has the same flow pattern as a sani- 
tary tee, sanitary cross, and standard 90° elbow. A 
cast iron twin elbow is ordered as a double quar- 
ter bend. It is called a twin elbow because two 
90° fittings are made to connect back-to-back fix- 
tures in a confined space. This three-connection 
fitting is limited to connecting low-volume fix- 
tures, such as sinks, that share a common drain 
pipe. Some codes do not allow this fitting to be 
used in the horizontal-to-horizontal flow position. 
Even though the flow pattern of a twin elbow is 
the same as a sanitary tee, it can be installed with 
all three sides in the horizontal position, if code 
allows. A twin elbow can only be used as the last 
fitting in a drainage system serving approved fix- 
tures. Figure 4-28 shows a twin elbow used for a 
DWYV installation. 
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FIGURE 4-28 A twin elbow is used to connect 
back-to-back approved low-volume fixtures. 


from experience... 


A twin elbow is used to connect two fix- 
tures to the same horizontal drain. It can- 
not connect two fixtures to a vertical drain. 


erceesreereceeeeevey, 
Seer eeoeeeceerecee 


z ett eeeeeere eer ecer ee eeeeeeeeereeeeee ® 
. 


TEST TEE 


A test tee cannot receive discharge from a drain. It is 
used in a drainage system to provide access for clean- 
ing and is often referred to as a cleanout tee. It also 
serves as a place to install testing accessories for the re- 
quired testing and inspection of a DWV system. A test 
tee has three connections, one with female threads, 
and with the side connection being 90° from the flow. 
The sole purpose of the threaded connection is to re- 
ceive a cleanout plug that is tightened in place when 
a DWV system is complete. Codes dictate that a clea- 
nout be installed at the base of every vertical stack of 
a DWV system; a test tee is often used to satisfy that 
requirement. Test tees are available in all the materi- 
als that are used for DWV installations. Figure 4-29 
shows a test tee used in a DWV system. 


from experience... 


The threaded portion of a test tee cannot 
be used to receive flow from a drain, be- 

cause it does not have the same direction 
of flow as a sanitary tee. 


erceceeeeeeeeeeee ey, 
Seer eeeceoececeeeeeee © 


FIGURE 4-29 A test tee is used for testing a DWV 
system and used as a cleanout at the base of a 
stack. 


CLEANOUT 


Cleanouts are installed throughout DWV systems 
to provide access into the piping to clear obstruc- 
tions. A female adapter and a threaded plug, often 
called a cleanout cover, are used together to create 
a single fitting. Codes dictate the location and size 
of cleanouts. Plastic DWV cleanouts are installed 
over piping, and a street-style version is inserted 
into a fitting hub. NHCI cleanouts have the same 
outside diameter as the connecting pipe. Manufac- 
turers call cast iron cleanouts tapped ferrules, but 
plumbers order them as cleanouts. The threaded 
cover, available in two distinct styles, is screwed 
into the female threads of a cleanout. The most 
common cover has a raised center portion, often 
called a lug, to allow removing it with a wrench. 
The other has a countersunk lug, so it can be in- 
stalled flush with a finished surface. Covers for 
plastic materials are made of the same material as 
the cleanout, and cast iron cleanouts have brass 
covers. Figure 4-30 shows a cleanout in a DWV 
system. 


ot te eeeeee eee eee e eee eee ese ee eeo ee ee eee, 


from experience... 


Proper sizing of a cleanout is impor- 
tant. Codes dictate the minimum size is 
based on the size of the drain a cleanout 
serves. 


ececereeeeeeeeeoeoee, 
See ecreceeeeece ee ece 


ot tee eeeeeeeeeeeoe sesso eee eee eee seoe 
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FIGURE 4-30 A cleanout is installed in a DWV sys- 
tem to provide access to clean a drain. 


CLOSET BEND 


The closet bend, a reducing 90° fitting, is the 
last fitting of a drainage system serving a toi- 
let (also known as a water closet). Codes dictate 
that downstream pipe and fittings must be the 
same size or larger than upstream pipe and fit- 
tings. A code exception allows the installation of 
a closet-bend fitting, which is a standard-radius 
fitting, with the flow from vertical to horizontal. 
The 4” side of the closet bend can be installed 
only vertically, with the 3” piping installed hor- 
izontally. A plastic street version is available 
with a 4” street side and a 3” side with a hub. 
Figure 4-31 shows a closet bend installed in a 
DWV system. 


FIGURE 4-31 A closet bend fitting is used as the 
last fitting serving a toilet. 
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: from experience... 


-  Acloset bend is offered only in 4” x 3” : 
: size, because the minimum size of a pipe : 
: serving a toilet is 3”, and the maximum : 
: size of a flange connecting a toilet to a 

> drainage system is 4”. 


HEEL INLET 90° 


A heel inlet 90° is a specialty DWV fitting that a 
plumber often refers to as a heel outlet fitting. It 
is a DWV 90° with a branch located at the heel 
of the bend that can be used only in specific loca- 
tions. The standard-radius fitting is made only in 
4" X 2", 3" X 2", and 3” X 1-1/2" sizes in plastic 
and in 3” X 2” in NHCI. A long-sweep version is 
available in plastic, but only in 3” X 2” and 3” X 
1-1/2" sizes. 


The standard-sweep version is the most 
common fitting. Most codes allow it to be installed 
in two positions, but some allow only the heel por- 
tion to be installed vertically. If the heel inlet can 
be in the horizontal position, it must serve as a 
fixture drain and not as a dry vent to ensure that 
the heel inlet connection is cleaned by the flow of 
water. Figure 4-32 illustrates a heel outlet 90° but 
does not indicate a flow position. All other codes 
pertaining to flow positions of 90° fittings apply. 
Some codes allow this unique fitting to be installed 
in any position in a vent system. However, many 
code officials only allow the flow positions dictated 
by drainage codes to apply for vent installations. 


: from experience... 


Less commonly used 90° fittings have a 

side inlet and a high heel inlet. They have 
: the same limited installation uses as ; 
< standard 90°s, so carefully review codes 
before using them. 
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FIGURE 4-32 A heel inlet 90° has specific and lim- 
ited use in a DWV system. 


CLOSET FLANGE 


The flange that connects the toilet (water closet) 
to the drainage system is called a closet flange. 
Closet flanges are often made from PVC, ABS, 
or cast iron. Plastic drainage materials have com- 
patible flanges that are solvent welded (glued) to 
the piping system. Cast iron flanges, which are 
available in a no-hub version and a type that is 
placed over the connecting cast iron pipe, are not 
typically used in residential construction. Plastic 
flanges can be installed over the connecting pipe 
or inserted into a fitting hub. Some of them can 
also be inserted into the pipe, but this violates 
some codes because it reduces the inside diameter 
of the piping system. 


Another closet flange that is illegal according 
to some codes is an offset flange. If a drain pipe 
is installed too close to a wall or another fixture, 
an offset flange can be used to avoid correcting 
the pipe location; however, it allows only for a 2” 
offset. All flanges have anchoring holes that secure 
them to the floor to eliminate movement of the toi- 
let. Closet flanges also have slotted openings with 
a set of securing bolts (closet bolts) that secure the 
toilet to the flange. Most flanges have slots that 
allow adjustment of the closet bolts and also fixed 
slot locations that do not allow adjustment of the 
closet bolts. A wax seal prevents harmful sewer 
gases from entering occupied areas and seals the 
connection between the toilet and the closet flange. 
Figure 4-33 includes a plan view and a side view of 
a closet flange. The side view shows that the flange 
has depth. Plastic materials are manufactured to a 
standard depth, but cast iron flanges are made in 
varying depths. 


FIGURE 4-33 A closet flange is used to install a 
toilet to the drainage system. 


from experience... 


A closet flange is ordered by the size of 
the connecting pipe and a standard 4” 
flange opening. A closet flange for a 3” 
pipe connection is ordered as a 4” X 3” 
closet flange, and a 4” pipe connection is 
ordered as a 4” X 4” closet flange. 


eececeeresoeee ee eeee eevee, 
See ecereereeece eee eee ee eee 
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P-TRAP 


Every fixture must be served with a protective water 
seal to prevent harmful sewer gas from entering an 
occupied space. A p-trap gets its name from its simi- 
larity to the letter P. It receives the outlet flow of water 
from all residential fixtures except a toilet, which has 
an integral trap. P-traps are available in various styles, 
including one-piece and two-piece designs. Cast iron 
p-traps are one-piece designs and must be installed di- 
rectly below a fixture. Plastic p-traps are available in a 
two-piece design known as a slip-joint, which allows 
a swivel adjustment to accommodate slight installa- 
tion variances. In slip-joint p-traps, slip-joint nuts 
and washers are tightened to prevent leaks but can 
be removed for replacement and cleaning. Slip-joints 
are located under sinks or other accessible fixtures. 
Other two-piece plastic p-traps can be adjusted but 
are solvent welded. They can be concealed in walls, 
floors, and ceilings to serve such fixtures as bathtubs, 
showers, washing machines, and floor drains. Another 
two-piece design often used under a kitchen sink has 
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FIGURE 4-34 A p-trap is installed so sewer gas 
cannot enter an occupied space. 


a slip-joint nut and two solvent-welded hubs. They 
often have cleanout plugs in the bottom of the trap to 
allow cleaning. Figure 4-34 shows a two-piece p-trap 
that would not require access. 


ee . eocererecee eee eee eee eee eee eee eee eee, 


: from experience... 
- An approved p-trap has a 2” minimum and  : 
- a 4” maximum water seal, but a deep-seal_ : 
p-trap is available when code dictates or: 


for unique installation locations. 


TRAP ADAPTER 


A slip-joint p-trap is tubular and has a smaller out- 
side diameter at the connecting DWV pipe. The fit- 
ting that connects tubular sizes to DWV pipe sizes 
is called a trap adapter or desanco. A trap adapter 
resembles a male adapter, but has a slip-joint nut 
and washer. It is typically installed at the fixture in- 
stallation phase of a project. It is connected to plas- 


process (gluing) and must be made of the same ma- 
terial as the plastic DWV pipe. Plastic trap adapters 
have connections that are installed over the DWV 
pipe; a street version is inserted into a plastic DWV 
fitting hub. Cast iron, copper, and galvanized pip- 
ing systems use brass trap adapters. Copper sys- 
tems use a brass trap adapter that is either soldered 
over the copper tube or threaded into a female 
adapter or over a male adapter. Galvanized piping 


tic DWV piping systems with a solvent-welding .* 


FIGURE 4-35 A trap adapter connects a tubular 
p-trap to a DWV piping system. 


systems use the same threaded, brass trap adapters 
as copper systems. All trap adapters are connected 
with the tubular p-trap, which is a compression- 
type connection. A slip-joint nut and washer are 
placed over the tubular p-trap, and the tubular por- 
tion of the trap is inserted into the adapter. The nut 
and washer are tightened onto the male threads to 
make a watertight connection. The most common 
tubular sizes are 1-1/4" and 1-1/2”. Figure 4-35 
shows a typical trap adapter used in the residential 
plumbing industry. 


: from experience... 


A plastic trap adapter can be used as 

a DWV male adapter, but a DWV male 
adapter cannot be used as a trap adapter. 
The tubular portion of a trap does not in- 

sert into most plastic DWV male adapt- : 
- ers, but the threads of a trap adapter are- 
: manufactured to NPT and IPS standards. 


eeceee® 


PVC 


Polyvinyl chloride (PVC) is one of the most widely 
used products for DWV installation in the residen- 
tial plumbing industry. PVC fittings are manufac- 
tured from the same material as the pipe and are 
sealed with a solvent-welding process (glue). A 
primer is applied to the pipe and fitting surfaces 
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FIGURE 4-36 PVC DWV fittings and PVC pressure 
fittings have unique characteristics. 


before the glue is applied. PVC is available in pres- 
sure and DWV styles, and each is specifically de- 
signed for a different application. All DWV fittings 
are identified on the side as DWV PVC designs. For 
potable water installations, the products are identi- 
fied with a National Sanitation Foundation (NSF) 
mark of approval. A pressure fitting does not have 
flow direction characteristics or the radius required 
for DWV applications for the adequate flow of 
wastewater and sewage. The hub of a DWV is not 
as deep as a pressure fitting because it is designed 
to flow by gravity and not by pressure. Figure 4-36 
includes a PVC DWV fitting and a PVC pressure 
fitting. 


oft eeeeeee reece eee see eee ese ee eee e see eeey, 


: from experience... 


Glue used to weld PVC pipe and fittings is 
specifically designed for PVC and cannot 
be used with other plastic pipe and fitting 
materials. 


e wwe me wm ee mee eee eee rer reese ereeseces © 
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ABS 


Acrylonitrile butadiene styrene (ABS) pipe is more 
common in the western regions of the United 
States. ABS is black in color and easily distin- 
guished from PVC, which is white. ABS fitting de- 
signs and code regulations are the same as those for 
PVC. The solvent-welding process is also the same 
as that for PVC but uses glue specifically designed 


f 


FIGURE 4-37 ABS fitting has the same flow pat- 
tern as PVC, but is black instead of white. 


for ABS. ABS fittings are designed to be installed 
only with ABS pipe, but an ABS trap adapter can 
be connected to a PVC slip-joint p-trap. Connec- 
tions between ABS and other materials must be 
made with approved adapters, such as male and fe- 
male adapters. All-purpose glue is available to join 
PVC and ABS, but doing so is illegal according to 
most codes. Figure 4-37 shows an ABS fitting in- 
stalled in a DWV system. 


ot te eeeereeer eee eee eee er eee seer eee eee eee, 


: from experience... 


All codes approve ABS for DWV installations, 
but the popularity of ABS varies by region or 
state. Most mobile home manufacturers use 
it extensively for DWV systems. 


CAST IRON 


Two common types of cast iron are no-hub (NHCI) 
and service weight (SWCI). Cast iron pipe and fit- 
tings are coated with an asphalt solution to help seal 
their porous surfaces, which result from the casting 
process. NHCI, the most common of the two types, 
is used in residential installations to provide quieter 
wastewater flow through vertical stacks in walls. 
NHCI products are so named because they do not 
have hubs to receive pipe ends. Instead, they are 
connected to pipe with a specially designed clamp. 
An SWCI fitting has a hub, or bell, to receive a pipe 
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FIGURE 4-38 No-hub, cast iron fittings are in- 
stalled in a DWV system. 


end. It is primarily used for underground installa- 
tions. Two approved ways to seal an SWC] joint are 
with an elastomeric (rubber) gasket and less com- 
monly with lead and oakum. 


Cast iron fittings are more expensive than 
plastic products and often take longer to install. 
Cast iron is used more frequently in the commer- 
cial plumbing industry, but a residential plumber 
must have knowledge of cast iron fittings and ba- 
sic installation skills. Cast iron DWV fittings must 
comply with all the same code regulations as other 
DWV material types. Because cast iron fittings are 
used more often for commercial installations than 
for residential applications, many unique fitting de- 
signs are made in cast iron that are not made in 
plastic. Figure 4-38 shows an NHCI fitting used 
for DWV installations. 


: from experience... 


: A heavy-weight, cast iron product is avail- 
< able with all fitting designs and connec- 
: tions the same as SWCI pipe and fittings. 


eevee 


CORRUGATED STAINLESS 
STEEL TUBING FITTINGS 


As discussed in Chapter 3, corrugated stainless 
steel tubing (CSST), a flexible piping product, is 
used in gas distribution systems. It offers a more 
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(B) 


FIGURE 4-39 CSST utilizes a self-flaring type 
fitting connection. 


productive installation than black steel pipe and 
fitting. The most common installation approach 
utilizes a manifold design in which the tubing that 
serves an individual outlet does not have any fit- 
tings from the manifold to the outlet point. This ap- 
proach minimizes the change of leaks and allows an 
individual portion of the system to be isolated and 
inspected if a leak is suspected. When a fitting is 
required, the connection to the tubing utilizes a 
method unique to CSST. The fittings are known 
as “self-flaring” and are not interchangeable with 
other tubing. 


Connections to valves, regulators and devices re- 
quire fittings. Traditional fitting designs such a male 
adapters, couplings, and tees are used with CSST. 
Brass is the common material used to manufacture 
CSST fittings. The self-flaring aspect utilizes a seal 
nut that when tightened compresses a split ring. 
Figure 4-39 illustrates a sectional view of a typical 
CSST fitting connected with CSST. 
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S UMMARY e DWYV fittings have a flow pattern, and plumb- 


ing codes dictate their use. 


e DWYV fittings are not designed for use with 


e Most fittings are manufactured from the same ve 
pressure piping systems. 


material as the connecting pipe. 
e Water piping fittings have more compact 


e Brass fittings are interchangeable with numer- oe 
designs than DWV fittings. 


ous piping materials. n 
e Black steel fittings cannot be installed in a 


e Threaded fittings can be used to connect differ- 
potable water system. 


ent materials. 
e A male adapter has external threads, and a 


e Plumbing codes dictate that solvent-welded f 
female adapter has internal threads. 


fittings can be used only with compatible pipe. 
e A street fitting has one end that is the same 


e PEX fittings are specifically designed for the : f ` 
outside diameter as the connecting pipe. 


type of PEX connections used. 


e Cast iron fittings are specifically designed for ° A fitting socket is also known as the hub. 


either NH or SW pipe. e CSST systems utilize product-specific fittings. 


e Dissimilar metal connections can cause corro- 
sion and must be protected against electrolysis. 
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PROCEDURE 4—] 


Always use the largest 
side of the tee when 
ordering. If all sides are 
the same, use only one 
side to order. 


If sides 1 and 2 are the 
same, order using only the 
two different sides. 


If side 1 is larger than 
sides 2 and 3, and even 
if sides 2 and 3 are 
equal, state all three 
sides. 


If side 3 is larger than 
sides 1 and 2, this is 
called a bullhead tee. On 
bullhead tees, sides 1 and 
2 are always equal. State 
the largest side, which is 
side 3, and then the term 
bullhead. 
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Tee Size Identification Procedure 


SIDE VIEW 


BRANCH 


SIDE VIEW 


BRANCH 
SIDE 3 


SIDE VIEW 


BRANCH 
SIDE 3 


SIDE VIEW 


BRANCH 
SIDE 3 
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PROCEDURE 4-2 


Reducing Tee Creation Procedure 


e If a reducing tee is not SIDE VIEW 
available, create one by 
inserting fitting reducers SUDE FITTING 
into a tee. REDUCER 
Select the tee that is INTO SOCKET 
closest in size to the tee 
you desire. 
Select the appropriate 
fitting reducer(s). 


A) Insert the fitting reducer(s) 
into the socket(s) of the 
tee to create the desired 
reducing tee. 


aM 


SLIDE FITTING 
REDUCER 
INTO SOCKET 
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REVIEW QUESTIONS 


1. Pipe and fittings used for potable 
water systems cannot contain more 
than 


a. 2.0% lead 
b. 8% lead 

c. 0.08% lead 
d. 0.2% lead 


2. A2” x 1-1/2” tee describes a fitting 
having 


a. Two connections 
b. Three connections 
c. Four connections 
d. One connection 


3. Another term to describe a DWV 
cast iron 45° fitting is a cast iron 


a. 1/16 bend 
b. 1/8 bend 
c. 1/4 bend 
d. 1/6 bend 
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. A male adapter has 


a. Internal threads 

b. External threads 

c. A slip-joint nut and washer 
d. A threaded cover 


. Without considering any code 


exceptions, horizontal-to-horizontal 
flow of a DWV system requires a 


a. Standard-radius-pattern fitting 

b. Short-radius-pattern street fitting 
c. Long-radius-pattern fitting 

d. Street-pattern fitting 


. Adesanco is another name for a 


a. Trap adapter 

b. Male adapter 
c. Female adapter 
d. Bushing 


Every fixture that does not have an 
integral trap must be protected by 
a(n) 

a. S-trap 

b. D-trap 

c. P-trap 

d. Two-way cleanout 


. To avoid the electrolysis process 


between copper and a dissimilar 
metal, a 


a. Dielectric union is installed 

b. Grounding rod is installed 

c. Galvanized union is installed 
d. Reducing coupling is installed 


. Acloset flange is used to secure a 


DWV pipe and a 
a. Toilet 

b. Sink 

c. Tub 

d. Bidet 
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15. 
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SECTION 1 


Tools and Materials 


To complete a PEX x PEX 
connection, the fitting is inserted 
into the PEX tubing and 


a. Soldered 
b. Threaded 
c. Crimped 
d. Solvent welded 


Types M, L, and K copper tubes use 
a. Different fittings 

b. The same fittings 

c. Some of the same fittings 

d. Plastic fittings 


A test tee is used to test a DWV 
system and as a 


a. Sink drain 

b. Tapped sanitary tee 
c. Cleanout 

d. Vent 


A sanitary tee can be used in a 
drainage system only when the 
flow is from 


a. Vertical to horizontal 

b. Horizontal to horizontal 

c. A sink 

d. None of the above is correct 


The two names that identify parts 
of a tee are run and 


a. Outlet 
b. Branch 
c. 45° 
d. Vent 


A 2” x 2” x 1/2” tee is ordered as a 
a. 2” X 1/2” x 2" tee 

b. 1/2” x 2” x 2” tee 

c. 2” x 1/2" tee 

d. 2” tee 


16. 


17. 


18. 


19. 


20. 


The trade name combo refers to 
the two fittings, 


a. Wye and 1/4 bend 

b. Wye and 1/16th bend 
c. Wye and 1/8th bend 
d. Wye and 1/6th bend 


A threaded fitting that receives a 
pipe end, but is also inserted into 
another fitting to reduce a pipe 
size is called a 


a. Reducing coupling 
b. Fitting reducer 

c. Bushing 

d. Coupling 


A fitting that has a hub or socket 
on one end and the same size as 
the pipe in the other end is called 


a. A street fitting 
b. A male fitting 
c. An insert fitting 
d. A hub fitting 


A PVC DWV cleanout has the 
same threads as 


a. A male adapter 

b. A female adapter 

c. A trap adapter 

d. None of the above is correct 


A solvent-welding process 
typically relates to 


a. Priming and gluing plastic pipe 
and fittings 

b. Only DWV plastic pipe and fitting 

c. A process known as soldering 

d. PEX products 
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KNOW YOUR CODES 


1. Research the types of NHCI 90° fittings available and compare 
them to ones available in PVC and ABS. Share your findings with 
the class. You will see that one cast iron fitting is not offered in 
PVC and ABS. Does your code allow this fitting to be used when 
the flow is from vertical to horizontal? 


2. When transitioning from ABS to PVC, what does your code allow 
to complete this connection? What specifically does your code 
not allow? 
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identify and describe valves and devices used in e know the safety devices used in residential 
a residential plumbing installation. piping systems and their unique characteristics. 


understand that certain valve designs can be e relate installation of valves and devices to 
used only for specific systems. plumbing codes. 
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air gap unobstructed vertical 
space from a device outlet to a 
point where water could backflow 
into a piping system 


anti-siphon a device 
that prevents siphoning of 
contaminants into a piping 
system 


backflow the dangerous 
reversal of flow in a piping 
system that can contaminate the 
system 


back siphon an occurrence 
caused by a vacuum in a piping 
system 


ball valve a type of isolation 
valve used in most piping systems 


boiler drain drain outlet on 
a water heater used to drain the 
storage tank; has a garden hose 
connection 


check valve a one-way 
directional device installed to 
protect the reversing flow of 
water in a piping system 


flush the process of cleaning a 
piping system with air or water 
pressure 


gas cock a type of isolation 
valve used in a gas distribution 
system 


GLOSSARY OF TERMS 


gate valve a type of isolation 
valve used mostly in a water 
distribution system 


hose bibb available in 
numerous designs to serve as a 
water distribution outlet; has a 
garden hose connection; often 
called a sillcock 


hose outlet the point where 
a hose can be connected to a 
faucet or boiler drain 


isolate the process of 
separating a portion of a piping 
system by turning a valve or 
device 


isolation valve general term 
describing that a valve isolates a 
system or portions of a system 


lug a designated raised portion 
of a valve used in place of a 
handle and operated with a 
wrench or tool 


pressure-reducing 

valve (PRV) a device used to 
reduce the incoming pressure to 
a system or portion of a system 


reactionary valves devices 
that react to certain conditions 
within a system to provide 
protection, such as backflow, 
pressure, and temperature 


reduced-pressure zone 
(RPZ) valve a reactionary 
device that protects a potable 
water system from the possible 
backflow of undesired water 
from a connected portion of 
the system 


relief valve a device that 
relieves a storage tank or piping 
system of dangerous conditions 
such as pressure and temperature 
or both 


stop a type of isolation valve 


stop-and-waste valve an 
isolation valve that also has the 
capability to manually drain the 
isolated portion of the system. 


T&P valve a combination 
temperature- and pressure-relief 
valve 


vacuum breaker a reactionary 
device that breaks a vacuum in 

a piping system when unsafe 
backflow conditions are present 


vacuum-relief valve a 

type of vacuum breaker that is 
commonly used on a water heater 
that is piped with a side inlet 
connection 
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solation and regulating devices are part 

of our everyday lives, but we may not 

recognize their importance until they fail 
to operate. Our vehicles, televisions, com- 
puters, and plumbing systems are only a few 
of the operating systems that function with- 
out much input from us. You have learned 
about the tools and materials needed to in- 
stall residential plumbing systems; this chap- 
ter introduces you to the valves and devices 
used in residential installations. A valve can 
be a manually operated means of isolating 
a water or gas system. A valve can also be a 
regulating device that does not require man- 
ual operation and does not isolate a system, 
such as a pressure-reducing valve that regu- 


lates the maximum pressure to a system. 


Isolation valves used in residential piping 
systems are manually controlled to isolate 
the flow of water or gas on the downstream 
side of valves. Some isolation valves are com- 
patible for both water and gas; others can be 
used only for a specific system. Some devices 
are mandated by code to provide safe oper- 
ation of a piping system; others are required 
in case another device fails. All valves and 
devices are rated according to their operat- 
ing capabilities, and the model numbers on 
many indicate their unique features. Some 
devices react to pressure, temperature, or 
unsafe conditions within a piping system. 
Codes dictate that many safety devices must 
be inspected periodically and certified an- 
nually to ensure that they are performing as 
expected. Some valves and devices that have 
specific and limited uses are discussed in the 


relevant chapters of this book. 


ISOLATION VALVES _ 


Code requires every residential dwelling to have 
at least one isolation valve. It must be present in a 
readily accessible location, so that the homeowner 
can shut off the water supply in case of an emer- 
gency or to make a repair. Residential construction 
codes throughout the United States include the re- 
quired location of an isolation valve. In houses with 
crawl spaces, the common practice is to route the 
main water distribution piping to a closet or other 
accessible area within the living space and to install 
a valve that is readily accessible. Most codes dic- 
tate that an isolation valve installed in a crawl space 
must be within 3’ of the access into the crawl space. 
In houses with basements, plumbers can install iso- 
lation valves where the water service piping enters 
the basement. The source of a water supply system 
is also a factor in placing the isolation valves. Mu- 
nicipal water systems require water meters. In many 
colder regions of the United States, the meter is lo- 
cated within the residence; in warmer climate re- 
gions, it is located near the street in a water meter 
box. Municipal water authorities install an isolation 
valve before a water meter to allow for any repair 
or replacement. A plumber must install a separate 
isolation valve on the downstream side of the meter 
in or near the house before the first connection to a 
fixture in the house. 


Isolation valves are made in various types and 
sizes. Most codes dictate that the minimum size for 
a residential water service is 3/4”. The maximum 
size is based on the number of plumbing fixtures. 
Table 5-1 provides a list of common isolation valves 
that will be explained individually in this chapter. 
Many codes dictate that the main isolation valve for 
a house and the isolation valve for a water heater 
must have a full-port design. A full-port valve has 
the same inside diameter (ID) as the connecting pipe 
and does not drastically restrict the volume of water 
that flows through the valve. 


TABLE 5-1 Common Isolation Valves 


Type Residential Uses 
Ball valve Water and gas 
Water 
Water 


Water 


Gate valve 


Stop valve 


Stop-and-waste valve 


Gas cock Gas 
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The ID of the piping system is a factor in deter- 
mining the volume of water that might be supplied 
by a particular pipe size. If you do not state on an 
order that you want a full-port valve, you will be 
ordering a restricted-port valve. Many kinds of iso- 
lation valves are not available in full port, but most 
codes might still approve them for use within water 
distribution systems. Some regulating devices and 
safety devices in piping systems have a restrictive 
nature and interrupt the flow of water. This causes 
a pressure loss and lowers the volume capabilities 
of the water distribution system. Some valves are 
operated with a wheel-type handle, but others only 
require that a handle be rotated one-quarter of a 
turn or 90° from the flow direction. Bronze is an 
acceptable material to be used for valves and de- 
vices for residential potable water systems. Internal 
parts of valves and devices must also comply with 
safe drinking water standards. They can consist of 
various materials, including Teflon, rubber, stainless 
steel, and various plastics. A plumber must know 
the correct materials and locations for specific valve 
types based on codes and valve designs. 


As are all materials in a piping system, valves 
and devices are categorized by their pressure capa- 
bilities. The most common classifications of resi- 
dential valves and devices are 125 and 150 pounds 
per square inch (psi), but some are classified up to 
600 psi. The pressure rating of each valve and de- 
vice is shown on its body, indicating its safe operat- 
ing pressure. Often valves can be used for different 
types of piping systems; many are rated for water, 
oil, and gas (WOG). If a valve is not approved for 
use in a potable water system, its installation can 
contaminate the potable water system, and doing so 
is a violation of plumbing codes. 


Some isolation valves and most devices in a pip- 
ing system have a flow direction, so the installer 
must know the flow direction of water or gas be- 
fore connecting the piping system. To indicate the 
flow direction, all directional valves and devices are 
marked with either an arrow or the designated in or 
out connections of the valve or device. Figure 5-1 
is a comparison of the features of a full-port and 
a restricted-port isolation valve. Some valves and 
devices must be installed only in certain positions, 
such as vertical or horizontal, but others can be in- 
stalled in any position. Manufacturer’s installation 
data indicate the correct installation positions, and a 
plumber should review them when installing valves 
and devices. Some valves are sold without instruc- 
tions; knowing the correct operation of each item 
avoids incorrect installation of a valve. 
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| | 
= PIPE ID = 
| | 
| i 


Le PIPE ID > 


| | 
| Q 
PORT IS SAME ž 
SIZE AS THE 
PIPE ID 


PORT IS SMALLER 
THAN THE PIPE ID 


FULL PORT 


RESTRICTIVE PORT 


FIGURE 5-1 A full-port valve has a larger inside 
diameter than a restrictive-port valve. 


from experience... 


A full-port valve is larger than a similar 
type of restricted-port valve. A full-port 
valve might have to be special ordered 
even though most codes require its use. 


ote eee eee eee eee eee eee eee eee eee eee 


CAUTION 


BALL VALVE 


A ball valve has an internal ball with a hole in its 
center that creates a flow passageway through the 
valve and isolates flow when the ball is rotated 90° 
from the flow direction. Some ball valves have a 
T-handle, but the most common ones have a lever 
handle. A vertical stem protrudes from the valve 
body of the internal ball. The lever handle is se- 
cured to the stem with a tightening nut. The lever 
handle design, which only requires a 90° rotation 
to close the valve, classifies a ball valve as a quar- 
ter-turn isolation valve. A ball valve has become 
one of the most popular valve designs for isolation 
in a piping system. Unlike most valves, the most 
common ball valve design uses a stainless steel ball 
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sandwiched between two Teflon seats, rather than 
a rubber washer, to isolate the flow. If the lever 
handle is in the same direction (parallel) as the flow 
within the piping system, the valve is in the open 
position. Most ball valve designs are not direction 
valves and can be installed based on the operating 
location of the handle instead of the flow direction 
of the piping system. A ball valve can be installed 
in any position in a piping system. 


Threaded or soldered connections are the two 
most common types of brass connections used 
in the residential industry. Threaded valves have 


(A) 


3/4" SOLDER 
CONNECTION 

.879 DIA. X .75 DEEP 
TYP. BOTH ENDS. 


Courtesy of Conbraco. 


FIGURE 5-2 A ball valve is a quarter turn isolation 
valve. 
ESSA 


PLAN VIEW 


— 


FLOW PORT IN 
CLOSED POSITION 


ON 


HANDLE IS 


SECURED TO BALL 
STEM ROTATE 90° 


OFF 
pC) 
FIGURE 5-3 A ball valve isolates flow in a 
piping system when the lever handle is turned 90° 
from piping. 


female threads that are connected to a piping sys- 
tem with male threads, such as a male adapter or a 
pipe nipple. Ball valves are also manufactured from 
plastic with a non-metallic ball to isolate the water 
flow. All plastic materials must be approved for the 
fluid or gas being distributed. Their ratings will ap- 
pear on the body of the valve, similar to those on a 
bronze valve. 


Insulation must often be installed in water 
distribution piping systems to prevent freezing or 
condensation or to conserve energy. If thick pipe 
insulation is used, a handle extension is installed 
to raise the handle from the connecting pipe and 
pipe insulation. Figure 5-2 shows a typical ball 
valve used for a residential water distribution sys- 
tem. Figure 5-3 illustrates the manual operation of 
a ball valve. 


GATE VALVE 


A gate valve has a metal gate (disk) that slides ver- 
tically to open and close the valve. A wheel han- 
dle fixed to a stem raises and lowers the internal 
gate when it is turned. The handle is turned coun- 
terclockwise to open the valve and clockwise to 
close it. The two basic types of gate valves are 
the rising-stem type and the non-rising-stem type. 
The rising-stem design requires additional space 
in front of the handle, because the stem and wheel 
handle move outward from the valve when open- 
ing. A non-rising-stem gate valve raises the internal 
disk (gate); the wheel handle and stem do not move 
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outward when opening. A non-rising disk has in- 
ternal threads that ride up and down the threaded 
stem when operated. The disk of a rising stem is 
attached to the end of the stem and moves up and 
down when the stem moves in and out of the valve 


body. 


Most gate valves are not direction valves and 
can be installed based on the desired handle location 
instead of the flow direction of the piping system. 
A gate valve will operate when installed in any posi- 
tion, but if it is installed with the handle directed to- 
ward the ground, debris can settle around the stem. 
It is approved for use in a potable water system, but 
not for use in a gas system. 


A gate valve is designed to be in the fully open 
or fully closed position and is not used as a regulat- 
ing valve. A threaded or soldered end connection is 
used for a residential application. A gate valve is 
also used in drainage systems. If a house has fix- 
tures that are located below the level of the grav- 
ity drain, the drain from the fixtures is routed to a 
tank (lift station). The tank houses a sewage pump 
that evacuates sewage and wastewater, which is 
routed by piping to a gravity drain. Codes require 
a gate valve on the discharge piping, leaving the 
pump to allow for the isolation of discharged water 
if repair or replacement of pump is required. Some 
houses, and especially those having basements (cel- 
lars), require the evacuation of groundwater that 
enters the dwelling. A sump pump is used for this 
purpose, and a swing check valve is used in similar 
fashion as that for a lift station. Figure 5-4 shows 
a rising-stem and non-rising-stem gate valve. It il- 
lustrates the disk movement of each stem design. 
Figure 5-5 illustrates the unique body style of a 
gate valve. 


ot eee eee eee eee eee eee eee eee eee eeeeeeee, 


from experience... 


You can find if a rising-stem gate valve is 
in the open or closed position by noting 
the distance from the stem to the piping 
system. The only way to find if a non- 
rising-stem gate valve is open or closed is 
to turn the wheel handle manually until it 
stops rotating. 


ott eeeeeece eee eee e see eee ee eee se eee * 
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Courtesy of Crane Co., all rights reserved. 


FIGURE 5-4 Rising and non-rising stems are two 
gate valve designs used for residential applications. 
EE) 


STOP 


A stop is a directional flow isolation valve that uses 
a rubber washer to stop the flow of water. Various 
designs exist to serve as isolation valves either for an 
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types. Most fixtures are served by 1/2” pipe, with 
3/8” tubing connecting the stop to the fixture. This 
is an industry-standard connection. Because differ- 
ent types of pipe or tubing are used in a water sup- 
ply system, the connection for the 1/2” side of a stop 
can be connected to various materials. The 3/8” side 
of a fixture-isolation stop is a compression connec- 
tion that uses a nut and ferrule to seal the tubing to 
the stop. Compression connections are explained in 
depth in relevant sections of this book. The rubber 
washer on a stop is replaceable and is either secured 
to the stem with a screw or pressed over a secur- 
ing post that is an extension of the stem. Figure 5-6 
shows a stop that isolates an entire system or a piece 
of equipment. Figure 5-7 shows an angled stop that 
isolates an individual fixture. 


Courtesy of A. Y. McDonald Mfg. Co. we PPS e eee ee ere reese seesseseessseseses,y 


from experience... 


Because a stop restricts the flow of wa- 
ter, it violates most equipment connection 
codes that dictate that the isolation valve 
be a full-port type. 


FIGURE 5-5 A gate valve 
has a unique body design to 
house the internal gate. 
E) 


entire water distribution system or for an individual 
fixture. The popular ball valve has replaced the stop. = 
as the main isolation valve for an entire house. The ,.-+* 
stop has a wheel handle secured to one end of the 

stem with a screw and a rubber washer at the op- 
posite end of the stem. It is a restrictive port valve, 
which is one reason it is no longer widely used in 
piping systems. A stop is more popular as an indi- 
vidual fixture-isolation valve and is often installed 

to connect the water distribution system to the fix- 

ture tubing connection. 


Angled and straight stops for individual fixture 
isolation are manufactured with chrome and rough 
brass finishes. Chrome stops are installed in exposed 
areas, such as under a toilet or a free-standing sink, 
and rough brass finishes are installed in non-exposed 
areas, such as under kitchen sinks. The handle for a 
fixture-isolation stop is typically oval shaped instead 
of round. The connection method varies depend- 
ing on the type and purpose of the stop. When a 
stop is installed as an isolation valve for a system or 


piece of equipment, both connections are the same Courtesy of A. Y. McDonald Mfg. Co. 

size and are typically threaded or soldered. Connec- | 
tions to PEX are also available. The two common FIGURE 5-6 A stop having the 
sizes for stops used to isolate a residential water sup- same size connections is used to 
ply system or piece of equipment are 1/2” and 3/4”. isolate a water distribution system or 
Each end of an angled or straight fixture-isolation piece of equipment. 


stop has a different size and has different connection ———— 
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FIXTURE SUPPLY TUBING 


HANDLE 


INTERNAL WASHER AND STEM 


Courtesy of A. Y. McDonald Mfg. Co. 


FIGURE 5-7 A stop with two different connection sizes is used to iso- 


late an individual fixture. 


STOP-AND-WASTE VALVE 


A stop-and-waste valve is designed like a stop to 
isolate an entire water distribution system, but it 
has a draining feature as well. When freezing is a 
concern, or when a small portion of a piping sys- 
tem must be drained, a stop-and-waste valve is 
installed. It is a direction valve with a flow direc- 
tion arrow marked on the body of the valve. It is 
not available as an individual-fixture stop with a 
compression connection. Because of the various 
materials used for water distribution systems, the 
stop-and-waste valve is made with various con- 
nection types; the most common ones have sol- 


dered and threaded ends. 


A stop-and-waste valve cannot be installed 
where a backflow of non-potable water could 
enter the water distribution system through the 
drain port while the system was not under pres- 
sure. Many kinds of valves can be installed below 
ground in specially designed valve boxes, but ac- 
cording to all codes installing a stop-and-waste 
valve below ground is illegal. Figure 5-8 shows 
a stop-and-waste valve that isolates a portion of 
a water distribution system and allows the iso- 
lated portion to be drained. Figure 5-9 shows a 
sectional view exposing the unique features of a 
stop-and-waste valve. 


Courtesy of A. Y. McDonald Mfg. Co. 
= 
FIGURE 5-8 A stop-and-waste valve is 


used only aboveground. 
Sa 
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FIGURE 5-9 A stop-and-waste valve allows a downstream 


pipe to be drained. 
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from experience... 


Stop-and-waste valves are frequently used 
to isolate outside hose faucets that are 
not freeze-proof. The stop is turned to the 
off position, the drain cap is removed and 
the isolated piping is drained, and then 
the cap is placed back on the stop. Most 
outside hose faucets are freeze-proof, so 
stop-and-waste valves are typically not 
required for freeze protection. 


ete eeeeeeeeece esses eee eee e eee ee eee * 


GAS COCK 


A valve known as a gas cock is used in gas distribu- 
tion systems. Because ball valves are approved by 
most codes for isolating individual gas equipment, 
gas cocks are used more as a matter of preference. 
Many ball valves for gas isolation are manufactured 
with a unique T-handle, which differs from a typi- 
cal WOG ball valve lever handle. A ball valve spe- 
cifically designed for a gas system is not rated for 
using with other systems. Gas cocks are typically 
used to isolate entire systems, and utility provid- 
ers commonly use them to isolate gas meters. Many 
gas cocks do not have manual handles, such as le- 
vers or wheel handles. Instead, they must be opened 
and closed with a wrench. The wrench is placed on 
a raised lug and is turned clockwise to close and 
counterclockwise to open the gas cock. 
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Courtesy of Conbraco. 
ee 


FIGURE 5-10 A lug-type gas cock requires a 
wrench to operate. 


Courtesy of Conbraco. 


FIGURE 5-11 A lever-type gas cock operates by 
hand. 
T 


Most codes do not allow a ball valve to isolate 
a gas system, because it can be operated without a 
wrench. System isolation valves are usually located 
on the exterior of a building near a gas meter. Most 
gas cocks used in conjunction with a gas meter have 
an alignment hole where a padlock is placed to se- 
cure the gas distribution system when it is not in 
use. The stem of the gas cock is also used as the flow 
channel for the gas. It is a round steel rod with a 
portion removed to create a flow slot (passageway). 
The 1/2” and 3/4" sizes, which have female threaded 
connections, are most frequently used for residential 


CHAPTER 5 Valves and Devices 123 


applications. Figure 5-10 shows a lug-type gas cock, 
and Figure 5-11 is a lever-type gas cock used for the 
isolation of a residential gas system. 


HoseE OUTLETS 


Various types of hose outlet connections are used 
in piping systems to drain equipment and systems 
and to supply water. The most common hose out- 
lets are categorized as boiler drains, hose bibbs, and 
wall hydrants. Hose threads are different from pipe 
threads. Outlets have 3/4” male hose threads. A hose 
connection to a piping system can provide a primary 
point of entry for contaminants to pollute a wa- 
ter distribution system. There are strict regulations 
concerning the design and installation of all hose 
connections to a water distribution system. Back 
siphoning can occur if a hose connected to a water 
supply pipe is placed in a contaminated source, and 
the water system becomes depressurized. The hose 
can act like a drinking straw and allow backflow 
into the water distribution system. Direct connec- 
tion of spraying devices, such as for lawn fertilizing 
can also be a serious threat to a potable water sys- 
tem. To combat the threat of backflow into a drink- 
ing water system, all codes dictate that approved 
methods be followed to prevent backflow. Most 
manufacturers design safety devices into their prod- 
ucts. Figure 5-12 illustrates possible backflow into 
a potable water system. 


BOILER DRAIN 


A hose outlet connection to drain storage tanks is 
known as a boiler drain. Because a boiler and a wa- 
ter heater are protected with other approved back- 
flow devices, most codes do not require backflow 
devices in boiler drains. The boiler drain has numer- 
ous uses within a system, but its most common resi- 
dential application is draining. It normally remains 
closed after the system is pressurized and func- 
tions only when a piece of equipment is drained. If 
a boiler drain is used as a water source, all codes 
require the installation of a separate backflow de- 
vice (similar to those in Figure 5-21). A boiler drain 
is available with male and female threads, usu- 
ally of the size 1/2” and 3/4”. Some boiler drains 
have the hose outlet connection 90° from its pipe 
connection—others are 45°. Some use a wheel han- 
dle; others have a T-handle. A boiler drain has a 
restrictive internal design feature similar to a stop 
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WATER COULD SIPHON BACK THROUGH HOSE IF 
LOSS OF PRESSURE OCCURRED IN WATER SUPPLY 
SYSTEM IF BACKFLOW PROTECTION DEVICE WERE 
NOT PROVIDED ON HOSE FAUCET. 


<—-— EXTERIOR 
WALL 


FIGURE 5-12 Backflow into a drinking water system can occur from a 


misplaced garden hose. 


that uses a rubber washer to stop the water flow. 
Most washing machine boxes have boiler drains. 
Figure 5-13 shows a typical boiler drain. 


et FF eeeeeeree reece sree eeeereeeeeeereeeeee, 
. . 


from experience... 


A hose cap can be installed onto the hose 
threads of a boiler drain to prevent leak- 
age from the rubber washer. 


Courtesy of A. Y. McDonald Mfg. Co. 


FIGURE 5-13 A boiler drain is used to drain 
a non-pressurized storage tank or boiler. 
[ER] 


HOSE BIBB 


A hose bibb, also known as a hose faucet or a sill- 
cock, allows water to flow from a pressurized piping 
system. Some hose bibbs are similar to boiler drains, 
and others are freeze-proof. Most hose bibbs are pro- 
tected with a backflow device. Hose bibbs that do 
not provide backflow protection are illegal to install. 
The freeze-proof types, available in numerous designs 
and lengths, are meant to be installed in the exterior 
wall of a residential building. The washer and han- 
dle of a freeze-proof hose faucet are secured to op- 
posite ends of an extended-length stem. Freeze-proof 
designs extend the rubber washer into the building to 
prevent the water in the piping system from freezing. 
Turning the wheel handle clockwise stops the flow of 
water from the hose faucet. The water remaining in 
the freeze-proof hose faucet drains to the exterior af- 
ter closing. To ensure that the water drains from the 
hose faucet, it must be installed so that it is sloping 
slightly downward toward the exterior of the build- 
ing. Garden hoses must be removed after use to en- 
sure that the freeze-proof design operates correctly. 
Many hose faucets can be used for both hot and 
cold water, but some have a maximum temperature 
rating of 120°. The size of the pipe serving a hose 
faucet is 1/2", and the connections include PEX, sol- 
dered, and male threads. A freeze-proof hose faucet 
is available in various lengths, most commonly 4” to 
12", with the selection depending on the installation 
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Courtesy of Woodford Manufacturing. 


VACUUM BREAKER 
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ATMOSPHERIC VENT 


CHECK VALVE 


AUTOMATICALLY 
DRAINS WITH 
HOSE REMOVED 


POSITIVE 
FLOW 
CONDITION 


CHECK VALVE 
OPEN 


FIGURE 5-14 A hose bibb must have an anti-siphon or backflow prevention device to be legally installed. 


location. Figure 5-14 shows a common freeze-proof 
hose bibb installed in a residence and equipped with 
an anti-siphon device. The freeze-proof hose bibb 
in Figure 5-185 is illegal because it does not have an 
anti-siphon or backflow prevention device. 


from experience... 


Installing a hose outlet with no backflow 
prevention device that connects to a po- 
table water supply is a serious code vio- 
lation. Each state regulates the fine and 
penalty for violating this code. 


. 
. 


REACTIONARY 
VALVES AND DEVICES 


Many valves and devices react automatically to 
temperature and pressure differences or to the 
reversal of flow within a piping system. Safety 
valves and devices can regulate pressure or dis- 
charge high pressure or temperature, and many 
others protect potable water systems. Numerous 
devices are installed in piping systems, and some 
of their operating features are similar regard- 
less of the manufacturer. Most safety and regu- 
lating valves and devices have a flow direction 
and must be installed according to the manu- 
facturer’s requirements. Safety devices are a cru- 
cial part of potable water installations, and gas 
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Courtesy of Woodford Manufacturing. 


FIGURE 5-15 This type of hose bibb is illegal be- 
cause it does not have an anti-siphon or backflow 
prevention device. 


piping systems are strictly regulated by all build- 
ing codes. Plumbers must respect all regulations 
and adhere to the installation instructions for re- 
actionary valves and devices to ensure safe and 
complete installations. 


To make sure that the municipal water supply 
is protected against failed devices, multiple back- 
flow prevention methods are used within a sin- 
gle residential building. All codes dictate that the 
unobstructed vertical space below a faucet spout 
must be above the overflow height of the fixture 
and that it must remain unobstructed. The vertical 
space is known as an air gap; it is the only definite 
means of backflow protection. Most codes dictate 
that the air gap of a potable water outlet must be 
at least twice the diameter of the outlet. An air 
gap cannot serve as a means of backflow preven- 
tion for a hose outlet. Because many connections 
to a plumbing system cannot be installed with an 
air gap, valves and devices minimize the risk of 
contamination. Table 5-2 provides a list of reac- 
tionary valves and devices and their purpose in a 
plumbing system. A cross connection is a piping 
arrangement in which potable and non-potable 
water sources are illegally connected. A back- 
flow prevention device protects against siphoning 
occurrences and eliminates cross-connection 
hazards. 


TABLE 5-2 Reactionary Valves and Devices 


Type Residential Uses 


Pressure-reducing Reduces incoming water 
valve pressure 


Prevents reverse flow of 
water 


Check valve 


Vacuum breaker Prevents back siphoning 


Vacuum-relief 
valve 


Prevents back siphoning 


Relieves excessive 
pressure/temperature 


Relief valve 


Reduced-pressure Prevents backflow 


zone valve 


Double-check 
valve assembly 


Prevent backflow 


eevee ereree rece rere eee eee eee e eee eee e seen, 


from experience... 


Numerous kinds of backflow prevention 
devices are available. Knowing the correct 
type for a particular installation is crucial 
to avoid contamination of a potable water 


supply. 


ote eee e eres eee ee eeese eee ee eee ee eee ® 
. 


PRESSURE-REDUCING VALVE 


Codes typically allow the pressure in water ser- 
vice piping and hose faucets to exceed 80 psi, but 
the pressure in piping that serves fixtures must be 
reduced to a maximum of 80 psi. A regulating device 
known as a pressure-reducing valve (PRV) reduces 
the incoming water pressure to a safe operating 
range. Many models are available, and residential 
models can be manually adjusted to accommodate 
a particular installation. Most residential PRVs 
have an adjustment range from 25 to 75 psi and 
are factory set to regulate water pressure to 50 psi. 
A PRV requires maintenance and possibly future 
adjustment, so it must be installed in an accessible 
location. An isolation valve should be installed up- 
stream of the device. If a union is not included in the 
PRV’s connection design, a separate union should 
be installed, so the device can be easily removed. 


Copyright 2011 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


PRVs are available in various sizes, but 3/4” 
is the minimum size for reducing the main pip- 
ing to a house. A water service piping system 
should be flushed clean before installing a PRV 
to ensure that dirt or debris does not damage its 
internal regulating components. A strainer is an 
accessory that prevents particles from traveling 
through a piping system. Many PRV designs have 
removable built-in strainers that can be cleaned. 
A PRV is a restrictive device, so the volume of 
water is diminished as the flow passes through 
it. Figure 5-16 shows a strainer that is installed 
if the pressure-reducing valve does not have a 
strainer. Figure 5-17 shows a typical residential 
pressure-reducing valve. 


from experience... 


Piping systems and faucets can be dam- 
aged if a PRV is not installed where : 
needed. Pressures in many municipal i 
water systems fluctuate and exceed the 4 
maximum 80 psi allowed by code. There- : 
fore, your local code may require the in- : 
stallation of a PRV. 


Courtesy of Conbraco. 
ES 
FIGURE 5-16 A strainer can be installed before a 


device to capture debris in the piping system. 
ass S| 


CHAPTER 5 Valves and Devices 127 


Courtesy of Wilkins, a Zurn Company. 
(C—C) 


FIGURE 5-17 A pressure-reducing valve 
regulates the incoming water pressure to a 
house. 
[I U) 


RELIEF VALVE 


A relief valve protects a piping system and equip- 
ment from extreme temperatures and pressures. All 
relief valves are self-operating and open and close 
as they react to operating conditions of a system. 
Many dual-use relief valves provide protection 
against both temperature and pressure. These valves 
are called T&P relief valves. Most codes require that 
a water heater be equipped with the proper T&P 
relief valves before being shipped from a factory, 
so the contractor does not install the wrong one. 
A residential-style T&P relief valve typically has 
male pipe threads that thread into the water heater 
storage tank and female pipe threads that con- 
nect to the discharge drain. A T&P relief valve is 
threaded into the factory-designated opening of a 
water heater, which must be within the top 6” of a 
water heater to sense the hottest water in the tank. 


A T&P relief valve has a rating tag that identifies 
what kind it is. The temperature-sensing probe of a 
T&P valve is immersed in the water, and it triggers 
the opening of the relief valve if the water temperature 
reaches 210°F in a residential water heater. The 
pressure-sensing capabilities of a T&P relief valve 
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range from 75 to 150 psi. The rating for a residential 
water heater is usually factory set at 150 psi. When the 
pressure and temperature reach the factory-set limits, 
the relief valve opens to relieve the pressure and tem- 
perature in the water heater. The size, pressure rating, 
and temperature rating of a T&P relief valve are im- 
portant elements in choosing the correct device. The 
British thermal unit per hour (BTU/HR) rating of a 
device is also important when selecting a T&P valve. 
BTUs are discussed in the water heater section of this 
book. The discharge side of a T&P serving a water 
heater is routed to a safe location. 


A well pump system has a pressure-relief valve but 
not a temperature-relief valve, because it distributes 
only cold water. The relief valve ensures that the pip- 
ing system and storage tank are protected in case the 
automatic controls fail to disconnect electrical power 
to the pump. The relief valve serving a water pump 
system is typically installed at the same location as the 
storage tank. The size of a well pump pressure-relief 
valve for a residential application is usually 1/2”. 
Figure 5-18 shows a temperature- and pressure-relief 
valve used in a residential water heater. 


CAUTION 


Courtesy of Conbraco. 


FIGURE 5-18 A temperature- and pressure-relief 
valve is a required safety device installed with every 
water heater. 
E 


: from experience... ) 


Know the manufacturer's requirements 
- when selecting a relief valve for any sys- —: 
- tem. Do not rely on what is currently in- 
stalled or on any rule of thumb methods. 


CHECK VALVE 


A backflow prevention device known as a check 
valve is installed to ensure that water flows in only 
one direction. Installing a single-check valve is not 
an approved method for protecting a potable water 
system from contamination. However, some codes 
may allow installing a dual-check valve as a form of 
backflow prevention. Check valves are used in resi- 
dential applications for hot water circulating pumps 
and well pumps. 


Swing and spring check valves are the most 
common for residential applications. The swing 
style is used for most applications, but the spring 
is employed more often for well pump systems. 
A swing check valve has an internal disk that swings 
open when water flows through a system and closes 
when the flow has stopped. A spring check valve 
has a soft sealing disk that is held closed with a 
spring. When water flows, the spring is depressed 
to allow the flow of water through the check valve. 
Swing check valves are connected by soldering and 
by female threads. Spring check valves most often 
have female threads. It is recommended that a union 
be installed near a check valve to replace the device. 
A swing check valve typically has a removable cap 
to allow entry into the valve for inspection, clean- 
ing, and repair. 


Because of its one-directional flow, an arrow 
is located on the side of the check valve to ensure 
correct installation. A spring check valve can be in- 
stalled in any position, but a swing check can only 
be installed with the disk in the closed position. This 
limits its installation to a horizontal position and 
an upward-flow vertical position. A swing check is 
also installed on the discharge piping from a sewage 
ejector or sump pump to keep the discharge water 
from flowing back into the pump basin. 


The disk in a swing check valve is typically 
brass or bronze. This can cause a slamming noise 
when the flow stops quickly and the disk closes. 


Copyright 2011 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 


Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


To combat that problem, a non-slam swing check 
can be installed. A spring check’s soft disk operates 
silently, but it can become obstructed more easily be- 
cause of its restrictive design. Check valves are sold 
in all pipe sizes; the most common sizes for residen- 
tial applications are 1/2” to 1”. A swing check valve is 
also used in drainage systems. As discussed earlier in 
this chapter, some houses require groundwater from 
basements (cellars) or from fixtures that cannot flow 
into a drainage system by gravity to be evacuated us- 
ing a sump pump of lift station. In conjunction with 
a gate valve, codes require a swing check valve to 
be placed on the discharge side of the pump. This 
is designed to prevent pumped water from draining 
back into the tank after each pump cycle. The check 
valve is installed on the upstream side of the gate 
valve. Figure 5-19 shows a swing check valve, and 
Figure 5-20 shows a spring check valve. 


: from experience... } 


Check valves for sewage or sump pumps 
can be made from different materials than 
:  water-distribution check valves, and many : 
- types are available for drainage applica- : 
- tions. Spring check valves cannot be used 
for a sewage or sump pump installation. 


Courtesy of Watts Regulator. 
—— as 


FIGURE 5-19 A swing check valve opens when 
there is flow in a piping system. 
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Courtesy of Watts Regulator. 


FIGURE 5-20 A spring check 
valve provides a spring-loaded 
closing feature. 
E) 


VACUUM BREAKER 


When a water distribution system is isolated or loses 
pressure, a vacuum is created that can allow con- 
taminated water to enter a potable water system. As 
its name implies, a vacuum breaker breaks a vacuum 
created in a piping system. To prevent the possibility 
of contamination, many forms of vacuum breakers 
are installed throughout a piping system. If a vac- 
uum occurs in a piping system, air is drawn through 
the vacuum breaker to equalize the pressure in the 
piping system, so the potable water outlet does not 
become a point of entry for contaminants. 


Many faucets are designed with built-in vac- 
uum breakers. Handheld showers typically require 
a vacuum breaker because the hose can reach the 
bathwater. Code-approved hose faucets have vac- 
uum breakers as part of their design to prevent 
backflow. A hose-thread vacuum breaker can be in- 
stalled on the outlet of an unprotected hose bibb or 
boiler drain to satisfy plumbing code requirements. 
Hose-thread vacuum breakers typically have a 
breakaway screw that is tightened after installation, 
so the vacuum breaker cannot be easily removed. 
Vacuum breakers are also installed on flush valves 
on commercial toilets and urinals. Figure 5-21 
shows vacuum breakers on hose outlets to prevent 
contamination of potable water piping systems. 


: from experience... 

Not all vacuum breakers for hose faucets are 
designed for cold climates. Research manu- 
facturer's data before installing a vacuum 
«breaker to ensure that it is designed for the 

: specific operating conditions. 
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Courtesy of Woodford Manufacturing. 
SaaS SSS] 


FIGURE 5-21 Numerous vacuum breakers are 
used to prevent backflow of water into a water supply 
system. 
aaa 


VACUUM-RELIEF VALVE 


A vacuum-relief valve or atmospheric relief valve 
is installed in the cold water piping that serves a 
water heater. When it senses a loss of water pres- 
sure, it opens to equalize the piping system with 
atmospheric pressure (zero gauge pressure). Dur- 
ing normal operating conditions, the vacuum-relief 
valve can withstand pressure without leaking. It 
opens only when it detects a loss of system pres- 
sure. Various vacuum-relief valves are available for 
use throughout a piping system. 


Most residential water heaters are connected 
at the top of the storage tank and are equipped 
with a factory-installed funneling tube known as a 
dip tube. The dip tube is inserted into the cold wa- 
ter inlet connection and routes the incoming cold 
water to the bottom of a storage tank. It also has 
an anti-siphon feature. The manufacturer drills a 
small-diameter hole in the dip tube a maximum of 
1” from the top. This breaks a vacuum if a nega- 
tive situation occurs within the tank. This feature 
allows only the top 1” of hot water to flow out the 
storage tank and into the cold water piping sys- 
tem. Most codes do not warrant the installation of 
a vacuum-relief valve due to the minimal amount 
of backflow. A storage tank that does not have a 
dip tube must have a vacuum-relief valve in the 
cold water supply to the heater. Many bottom-fed 
storage tanks require a vacuum-relief valve because 
they do not have a dip tube. Figure 5-22 shows a 
common vacuum-relief valve like those installed in 
some water heaters. 


Courtesy of Watts Regulator. 


FIGURE 5-22 A vacuum-relief valve pre- 
vents backflow of water from a storage tank. 
| 


CAUTION 


from experience... 


Most vacuum-relief valves that serve resi- 
dential water heaters have 3/4” male pipe 
threads. Because they are made of brass, 
they can thread directly into copper female 
adapters with no corrosion concerns. 


REDUCED-PRESSURE ZONE 


A reduced-pressure zone (RPZ) valve is the 
most reliable device for preventing backflow of 
contaminated water into a potable water supply 
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A ZONE IS CREATED 


POTABLE POSSIBLE 
WATER CONTAMINATED 
SOURCE ZONE 
ANY WATER ON THIS 
IF WATER ATTEMPTS SIDE OF THE RPZ IS 
TO BACKFLOW, IT IS PROTECTED FROM 
THIS IS THE DISCHARGED FROM FLOWING BACK INTO 
SYSTEM THAT THE RPZ. THE POTABLE WATER 
IS PROTECTED. SYSTEM BY THE RPZ. 


FIGURE 5-23 An isolated zone is created on the downstream side of an 


RPZ valve. 


system. Several design features are available for 
various applications. The designs may vary, but the 
basic concept is the same for most RPZ valves. Es- 
sentially, two spring-loaded check valves are man- 
ufactured as a single device. Some versions are 
known as double-check valve assemblies. Most 
codes do not allow them in many piping situations 
because they do not discharge water attempting to 
backflow. A true RPZ valve completely isolates the 
water of one zone from the zone supplying the po- 
table water. An RPZ valve that discharges undesir- 
able water from the piping system is known as a 
reduced-pressure principle backflow preventer. If a 
dangerous backflow condition is present, an RPZ 
valve discharges the water from the downstream 
zone, so it does not flow back into the potable wa- 
ter system. As its name indicates, it basically senses 
a reduced pressure in the potable water system and 
protects that zone. Figure 5-23 illustrates how an 
RPZ valve creates two zones. 


Some codes require RPZ valves to be installed 
in residential buildings, and all codes require them 
to be installed on irrigation systems. Fertilizers used 
on lawns with recessed lawn sprinklers pose a seri- 
ous threat to a potable water system. An illegal con- 
nection of a contaminated water source to a potable 
water system can pollute an entire piping system. 
Any connection between potable water and non- 
potable water is known as a cross connection. 


An RPZ valve discharges the water that is at- 
tempting to backflow from one zone to another 
out of a relief valve port. Most codes dictate that 
the opening for the relief valve discharge port must 
be at least 12” above the highest surrounding area 


or ground. The height of the relief valve above the 
ground is known as the critical level. An installer 
might overlook the possibility that a low-lying area 
could puddle during heavy rain or a submerged 
room could become flooded. This could cause con- 
taminated water to enter a potable water system 
through the discharge port. 


Most codes dictate that a certified technician 
must test and certify annually the RPZ valve for its 
correct operation. The test ports required for annual 
certification are installed at the factory on most de- 
vices. Because the annual test can require replace- 
ment of internal parts, many codes dictate that the 
maximum height above a floor is 36” to allow for 
servicing. However, any dictated maximum height 
cannot override the minimum critical level require- 
ments. An RPZ valve has two factory-installed iso- 
lation valves with female threaded connections. 
A strainer is recommended on the upstream side of 
an RPZ valve. This can be an option when ordering 
the device. Figure 5-24 shows a typical RPZ valve 
used for residential applications. Figure 5-25 shows 
a double-check valve assembly often used in place 
of an RPZ valve if local codes permit. 


CAUTION 
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from experience... 


An RPZ valve will freeze when exposed 

to cold climates. Removing it or providing 
adequate protection will avoid permanent 
damage to the device. 


eoceeeceerec eee ee ec eee eee eee eee eee eee * 


Courtesy of Wilkins, a Zurn Company. 


FIGURE 5-24 An RPZ valve is the best device to 
prevent backflow in a piping system. 


Courtesy of Wilkins, a Zurn Company. 
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FIGURE 5-25 A double-check valve assembly is a 


backflow prevention device. 


SUMMARY ——— 


Numerous valve designs exist, many with mul- 
tiple uses. 


Some valves have a full port, and others have a 
restrictive port. 


A valve used under a fixture to isolate a single 
fixture is known as a stop. 


A valve used specifically to isolate the gas sup- 
ply to a fixture is known as a gas cock. 


An approved ball valve can be used to isolate 
water and gas. 


A stop-and-waste valve can drain the isolated 
portion of a pipe. 

Common gate valve designs are rising and non- 
rising-stem types. 

Many devices and faucets are considered to be 
valves. 


Valves and devices installed for potable water 
must be approved by plumbing codes. 


Threaded valves and devices typically have 
female threads. 


Soldered connections are used for many 
valves and devices that are connected to 
copper tube. 


Plastic valves and devices are available with 
solvent-welded connections. 

Backflow devices are installed to protect a 
potable water system from contamination. 

An air gap is the only sure way to prevent 
backflow. 

A pressure-reducing valve reduces the pressure 
in a piping system. 

A temperature- and pressure-relief valve is a 
safety device installed in a water heater storage 
tank. 

Spring and swing check valves are the two most 
common types of check valves. 
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REVIEW QUESTIONS 


1. 


3. 
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A valve whose flow passageway 
is the same diameter as the inside 
diameter of the pipe is 


a. A reduced-port design 

b. A full-port design 

c. An inside-diameter port design 
d. An outside-diameter port 


. A stop valve with a drain port 


to allow water to drain from the 
isolated piping is called a(n) 

a. Stop drain valve 

b. Draining valve 

c. Stop-and-waste valve 

d. Angle stop 


The two basic kinds of gate valves 
used for residential applications are 


a. Rising stem and non-rising gate 

b. Rising stem and non-rising stem 

c. Non-rising gate and non-rising stem 
d. Outside stem and yoke 
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Valves and Devices 


. A regulating device used to lower 


the pressure of a potable water 
system is called a 


a. Reduced-pressure zone valve 
b. Double-check valve 
c. Pressure-relief valve 
d. None of the above is correct 


. A valve designed to isolate the 


water supply to an individual 
fixture such as a sink is 


a. An angle or straight stop 
b. A sink stop 

c. A gate valve 

d. A gas cock 


. A valve rated for WOG means it can 


be used for 

a. Water, oil, and gas 
b. Water or gas only 
c. Water only 

d. Gas only 


. The two types of check valves 


commonly used for residential 
applications are 


a. Swing and atmospheric 
b. Spring and vacuum 

c. Swing and spring 

d. Vacuum and atmospheric 


. The mandatory safety relief valve 


used on a water heater to protect 
against extreme conditions is a(n) 


a. Temperature-and pressure-relief valve 
b. Vacuum breaker 

c. RPZ valve 

d. Double-check valve 
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10. 


11. 


12. 


13. 
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SECTION 1 


Tools and Materials 


The only legal hose outlet that is 
not required to have a backflow 
prevention device is a 


a. Wall hydrant 

b. Hose bibb 

c. Boiler drain 

d. Freeze-proof type 


A reduced-pressure zone valve 


a. Is adjustable and reduces water 
pressure 


b. Isolates a zone in a piping system 


c. Typically does not require annual 
certification 


d. Is not available in a 1” size 


An operating gate valve 

a. Uses a rubber washer 

b. Uses a lever handle 

c. Makes it acceptable for gas 
d. None of the above is correct 


The backflow device used on the 
water piping supply to a water 
heater is called 


a. A double-check valve assembly 
b. A reduced-pressure zone valve 


c. An atmospheric relief valve (vacuum 
breaker) 


d. A reduced-pressure zone valve 


The only sure backflow prevention 
method is 


a. A check valve 

b. An air gap 

c. A vacuum breaker 

d. A reduced-pressure zone valve 


14. 


15. 


16. 


17. 


18. 


A water heater with a top piping 
connection has an anti-siphon hole 
drilled in the 


a. Dip tube 

b. Check valve 

c. Isolation valve 

d. Cold water piping 


A threaded valve or device is 
manufactured with 


a. Male threads 

b. Female threads 
c. Soldered ends 
d. PEX connections 


A device that prevents debris from 
entering a piping system is a 

a. Stop-and-waste valve 

b. Spring check 

c. Strainer 

d. Debris device 


The maximum pressure that most 
codes allow to a fixture is 


a. 50 psi 
b. 60 psi 
c. 80 psi 
d. 100 psi 


A valve known as a stop is a 
a. Full-port valve 

b. Restrictive-port design 

c. Non-directional valve 

d. Rising-stem design 


19. Aswing check valve 20. Aspring check valve cannot be 
a. Is a directional valve installed in 
b. Is a non-directional valve a. All positions 
c. Can be installed in all positions b. Sewage-pump discharge piping 
d. Is controlled by a spring c. Well-pump piping 
d. None of the above is correct 
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WHAT'S WRONG WITH THIS PICTURE? 


Review Figure 5-26 and identify a code violation and threat to the drinking water system. Consider all 
possibilities. 


FIGURE 5-26 An air gap must be established and maintained on all backflow prevention devices. 
The air gap prevents non-potable or contaminated water from entering the device. Any water that would 
flow back into the device could enter the drinking water system. Manufactured air gap accessories are 
compatible with a specific backflow device, but codes usually allow the drain serving the device to be 
piped with an air gap created by the installer. 


RIGHT 


FIGURE 5-27 This photograph shows the correct air gap required. In Figure 5-26, there was no 
air gap, which threatens the drinking water supply system. This air gap was created by an installer 
opposed to utilizing a manufactured air gap accessory. The size of the drain, distance of the air gap, 
and the termination of the drain are all code and size specific. Be sure to know your local codes. An 
inspector will check the air gap distance and pipe size as part of an inspection process. 
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Appliances 
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e identify the basic types of residential e understand that different fixtures are installed 
fixtures. during various phases of construction. 


e order each fixture based on its type and e recognize the importance of manufacturer 
variations. installation information. 
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custom defines homes with 
fixture upgrades 


pop-up a drain-operating 
assembly for a lavatory sink, 
abbreviated as PO 


rough abbreviation of the 
term drain rough-in; describes 
the distance to the center of a 
toilet from the wall behind the 
toilet 
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GLOSSARY OF TERMS 


rough-in the phase of 
construction before wall finishes 
are installed 


rough-in sheet information 
pertaining to specific installation 
requirements or other unique 
characteristics of a fixture 


stub out a pipe that serves 
a fixture installed during the 
rough-in phase of construction 


submittal data indicating the 
type of fixture to be used and its 
unique characteristics; sometimes 
includes installation information 


trim out the phase of 
construction when plumbing 
fixtures are installed 
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ow that you have learned about 

tools, equipment, and materials, 

this chapter identifies the com- 
mon residential plumbing fixtures. Once you 
possess a basic knowledge of the types of fix- 
tures and their variations, you will be on your 
way to learning how to install the plumbing 
system that serves the fixtures. The actual 
installation of fixtures is discussed later in 
the book. 


Plumbing fixtures have evolved along 
with all other areas of the plumbing indus- 
try. Fixtures have changed drastically in the 
last several decades in their style, color, and 
material. Recent trends in the industry have 
been toward manufacturing replicas of some 
fixtures used in the first half of the twentieth 
century. Today’s fixtures range from basic to 
extraordinary. Electronics have been intro- 
duced into the designs of many faucets along 
with water-saving features. Materials used 
in the fixture depend on its type. Fiberglass, 
cast iron, and vitreous china are frequently 
used. Stainless steel is one of the most often 
used materials for kitchen sinks. Finishes for 


faucets and accessories have also evolved. 
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FIXTURE TYPES è 


Plumbing codes dictate that every house must 
have at least one toilet, a lavatory sink, a bathtub 
or shower, and a kitchen sink. Codes dictate that 
the materials used to manufacture plumbing fix- 
tures must have smooth, impervious surfaces and 
be defect free. Porcelain enameled surfaces must be 
able to withstand acid without any damage to the 
fixture. Toilets must be self-cleaning during their 
flushing cycle and must have a toilet seat. Because 
different fixtures are used in different projects, a 
plumber might have to submit manufacturer data 
to builders, owners, or architects for the approval 
of a fixture for each project. The data is submitted 
on a form called a submittal, and, once the fixtures 
are approved, the plumber can install the piping 
systems according to the specific requirements of 
the fixtures. Piping systems are installed behind 
walls and in floors and ceilings during the phase of 
construction; this phase is known as the rough-in 
phase. The piping terminations of rough-ins are 
known as stub outs. The stub-out pipes penetrate 
either the floor or the wall as dictated by the spe- 
cific fixture requirements, and then they are con- 
nected to the fixture during the fixture installation 
phase, which is known as the trim-out phase of 
construction. Understanding the fixtures is the 
first step in installing the necessary piping systems. 
Table 6-1 lists common residential fixtures, which 
will be explained separately in this chapter. 


One of the key aspects of “Going Green” fo- 
cuses on water conservation. Water usage, such as 
the length of time water flows into a fixture, in a 


TABLE 6-1 Common Residential Plumbing Fixtures 


Fixture Type Notes 


Toilet Also known as a water 


closet 


Lavatory sink Also known as a lavatory, 


lav, or basin 


Bathtub Also known as a tub 


Shower Not part of a tub and 


shower combination 


Kitchen sink Can also serve a garbage 


disposal and dishwasher 


Laundry sink 


Also known as a laundry 
tray 


Bidet Personal hygiene fixture 
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home depends mostly on the users and the choices 
they make. Most fixtures, such as a sink or bath- 
tub, are capable of being filled to hold water. 
Showers do not have the capability of containing 
water for use, and the showerhead is the determin- 
ing factor in the water usage in gallons per min- 
ute (gpm). So while a showerhead may be a water 
saver type, a longer shower uses more gallons of 
water and can often consume more water than if a 
bathtub was partially filled. Tank-type toilets have 
a reservoir to flush the toilet bowl, and they are 
the most redesigned fixture to conserve water. The 
amount of water a fixture can contain is known 
as capacity (volume), and the faucets or other fill- 
ing mechanism replenish the fixture. The flow rate 
is dependent on the faucet combined with water 
pressure, pipe size, and pipe type. Faucets and their 
flow rates are discussed in Chapter 7. 


Green Tip 


Dealing with fixtures and their faucets or with 
flushing mechanisms is the primary aspect of 
Green initiatives. Water-saving fixtures can 
have some of the greatest impacts on being 
environmentally friendly. 


Serre reece eee cece reer e eee e eee eee eee eee ee ® 


TOILETS 


Many homes have 2-1/2 bathrooms, which means 
that three toilets are installed. The toilet selection 
varies based on the cost of the home and the con- 
sumer’s preference. The color of a toilet is based 
on the personal preference of a builder or con- 
sumer, with white being the most common. Two- 
piece combination toilets consisting of a bowl and 
a tank are installed most frequently; one-piece toi- 
lets are used in more expensive homes and often in 
only one of the bathrooms. A two-piece toilet must 
be assembled by a plumber on the job site, but a 
one-piece toilet does not require assembly. A master 
bathroom is typically the only one in the house that 
is in the same confines as a bedroom. It often has 
more expensive fixtures than the other bathrooms 
in the home, which might have only basic designs 
and colors. Figure 6—1 shows a standard two-piece 
toilet, and Figure 6-2 shows two styles of a typical 
one-piece toilet. 


LEFT-HAND TANK HANDLE 


Courtesy of Kohler. 


FIGURE 6-1 A two-piece toilet is the most com- 
mon for residential installations. 


et Fee eee eee e seer eee eee reer eee eee ereeeeey, 


from experience... 


A toilet tank and bowl must be compat- 
ible with one another. The toilet tank lid 
is usually unique to a particular tank and 
is not interchangeable with other tank 
designs. 


eee eeeer eee eee eee ee ee eee eee ee ee eee ® 
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(A) STANDARD PROFILE 


(B) LOW PROFILE 


Courtesy of Kohler. 


FIGURE 6-2 A one-piece toilet is commonly used 
in many custom homes or as a fixture upgrade. 
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Toilets must use a maximum of 1.6 gallons per 
flush (gpf) to adhere to water conservation regu- 
lations; 1.28 gpf types are increasingly common 
because some states mandate their usage. Many 
government facilities also mandate 1.28 gpf types. 
Another water-saving feature of some specialty 
toilets is two flushing modes. If only liquid waste 
is in the bowl, there is an option to flush 0.08 gpf 
(half-flush); if solid waste is present, a full flush of 
1.6 gpf is used. Outside the United States, a met- 
ric equivalent is used, which is why many toilets 
will be identified with the gpf as well as the liters 
per flush (Ipf). The most common residential toi- 
let bowl design uses a siphon-jet flushing action. 
When the tank handle activates a flushing cycle, 
the water flows from the tank and enters the rim 
of the bowl. Small holes in the rim are angled to 
allow the water to create a vortex. Another stream 
of water, known as a jet stream, exits the rim into 
the passageway of the toilet, providing the initial 
thrust in the flushing process. The vortex (swirl) 
begins a siphoning action to evacuate waste from 
the bowl. Once the siphoning action begins, the 
wastewater is pulled from the bowl and discharged 
into the drainage system. Figure 6-3 illustrates the 
siphon-jet flushing action. 


Green Tip 


Toilets that are 1.28 and 1.6 gpf types are 
considered water-saving types of toilets. Some 
older toilets use 3.5 gpf. 


: from experience... 


The other type of toilet flushing action is 
a blow-out design, which is more com- 
mon on commercial and industrial sites. 
A pressure-assisted toilet uses air com- 
pressed within a storage tank located 
- in the toilet tank to create a blow-out 
flushing action. 
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SIDE VIEW 


a HANDLE 


<—— WATER LEVEL 
BEFORE FLUSH 


ANGLED RIM HOLES 
CREATE VORTEX 


TANK-TO-BOWL 
CONNECTION 


pei JET INITIATES 
w 
rla ee = ÆA THE DISCHARGE 


FLUSHING 


y FROM BOWL 


— \ pas SAGEWAY 


ENTERS INTEGRAL 
DRAIN TRAP 


FIGURE 6-3 Siphon-jet flushing is used for most 
residential toilets. 


The tank handle is typically located on the 
left side of a toilet tank, but it can be ordered on 
the top or right side as well. Handicap fixtures 
must comply with the Americans with Disabilities 
Act (ADA). The tank handle of an ADA compli- 
ant toilet must be on the side of the tank that is 
farthest from a sidewall. A handle located on the 
top of a tank also satisfies ADA handle location 
regulations. The height of the toilet bowl, includ- 
ing the seat, from the floor is regulated by code. 
Toilets are manufactured to comply with plumbing 
and ADA floor-height codes. An average height of 
the non-handicap toilet bowl is 15” from the floor. 
ADA codes dictate that the minimum height of a 
toilet seat from the floor is 16-1/2”, and the maxi- 
mum is 19-1/2”. 


The location of pipes serving a toilet and spe- 
cific installation codes must be known by an in- 
staller performing a rough-in. The outlet pipe 
location depends on the type of fixture and its 
unique or standard drainage connection location. 
The outlet distance of a standard toilet is 12” from 
the wall behind the toilet (back wall). If you do 
not specify any other dimension when you or- 
der, you will purchase a 12” rough toilet. Ten- and 
fourteen-inch rough toilets are available in some 
designs, but they are not common. The location 
of the water pipe serving a toilet is important. 


SIDE VIEW 


FLOOR 


— 12" —> 


FIGURE 6-4 A 12" rough toilet is a standard 
one; and other distances from a back wall must be 
specified. 


Most one-piece toilets have different location re- 
quirements than two-piece toilets. You must know 
whether you are installing a one-piece toilet before 
you begin the water pipe rough-in. Figure 6-4 il- 
lustrates the standard distance a toilet is placed 
from a back wall. 


et te eeeeree eee reece eee seer eee see eee e see, 


from experience... 


When ordering a one-piece toilet, always 
ask for the manufacturer's data sheet— 
or rough-in sheet—to confirm the 
installation location of the water and 
drain pipes. 


ete eereeeeeeeeeseeeseeeeesreseeseeee ® 


Residential toilets have round bowls, but 
code dictates that elongated (oval) bowls must 
be installed in commercial applications. When an 
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elongated bowl is installed in a home, it is usu- 
ally considered a fixture upgrade. One benefit of 
an elongated bowl is that it allows more fron- 
tal room for the user than a round bowl does. 
The code that requires a minimum 21” clear- 
ance from the front of a bowl to a front wall or 
fixture can be violated if an elongated bowl is 
installed in a room designed for a round bowl. 
Check your local codes pertaining to the mini- 
mum front clearance before substituting an elon- 
gated bowl for a round bowl. Toilet seats must 
conform to the bowl design; for example, elon- 
gated seats are used for elongated bowls. Resi- 
dential toilet seats have a closed front, but code 
dictates that commercial seats have an open 
front. Residential seats have a top lid (cover), 
but most codes do not allow commercial seats to 
have lids. Figure 6-5 compares round and elon- 
gated toilet bowl designs. Figure 6-6 compares 
open-front and closed-front toilet seats. 


eoceeec reece eee eee eee eee eee eee eee eee eee, 


from experience... 


Toilet seats are usually made of plastic, 
but wooden seats are also available. 
Plastic seats are less likely to harbor 
bacteria when they become worn or 
scratched. 


e e<— TOILET 
SEAT 
HOLES 


ROUND 
BOWL BOWL 


ELONGATED 


FIGURE 6-5 Round toilet bowls are standard for 
residential installations, and elongated bowls are a 
fixture upgrade. 
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(A) OPEN FRONT WITH LID 


(B) CLOSED FRONT WITH LID 


Courtesy of Kohler. 
o o an] 


FIGURE 6-6 A toilet seat must match the bowl 
design. Residential toilets have a top lid with a 
closed front. 

bo HM UES) 


LAVATORY SINKS 


A sink installed in a bathroom is also called a 
lavatory. It is abbreviated as lav and is often re- 
ferred to as a basin. Lavatory sinks are avail- 
able in many types, shapes, and colors, and, as 
with all fixtures, some are more common than 
others. Many homebuilders install solid-surface 
countertops with pre-molded sink basins, so the 
plumber does not install a separate sink. ADA 
codes dictate the countertop height from the 
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floor, the knee space under the sink, and the dis- 
tance of the sink from the side and back walls. 
Many lavatories are sold specifically for ADA 
adherence, but they are generally used for com- 
mercial applications. 


A lavatory sink is ordered by its shape, size, 
color, and mounting requirements as well as the 
number and distance apart of the faucet holes. The 
color is typically selected by the consumer; white 
is the least expensive and the most common color. 
A typical residential home has lavatories installed 
into a countertop. These are drop-in sinks and are 
either round or oval. A drop-in sink requires that a 
hole be cut into the countertop that is the right size 
for the particular sink to be installed. A more ex- 
pensive lavatory is an under-counter sink. A hole is 
still cut into the countertop, but the sink is installed 
from the underside of a solid-surface countertop. 
Figure 6-7 compares drop-in and under-counter 
lavatory sinks. 


ot fe eeee eee eee eo eee 


from experience... 


-  Aplumber does not usually cut the hole : 
for a sink in the countertop. The manu- : 
facturer provides a cut-out template with =: 
most sinks to ensure that the hole is cut: 
to exact specifications. The plumber usu- : 
ally provides the template to the contrac- 
tor, who is responsible for cutting the 
countertop. 


eoceeecee eee eee eee eee 


eoererec reece eee eee eer eee eee eee eee eee ee 


from experience... 


Caulking seals a sink to the countertop. 
Most sink manufacturers include a small 

: tube of adhesive caulk with each sink 

so that the plumber has the correct type: 
and color. ; 


DROP-IN 
SINK 


RESTS ONTO 
COUNTERTOP 


td UNFINISHED EDGE 
OF CUT HOLE 


DRAIN = 


OPENING 


UNDER-COUNTER 
SINK 


o FINISHED EDGE 


~— COUNTERTOP 


i ANCHORS TO 
UNDERSIDE OF 
COUNTERTOP 


FIGURE 6-7 A drop-in lavatory sink is more 
common than an under-counter lavatory sink. 


The faucet hole design (spread) must be com- 
patible with the style of faucet being installed. The 
spread is the distance between the hot and cold fau- 
cet inlets, which is 4” on a standard lavatory. The 
middle hole of a three-hole lavatory is centered be- 
tween the inlets to receive the drainage operating as- 
sembly (pop-up) and/or a faucet spout connection. 
Faucets that require a greater spread between the 
hot and cold inlets are often used on a three-hole 
lavatory with an 8” spread. A one-hole design that 
is centered in the sink is less common. Figure 6-8 
compares the various faucet hole designs for lava- 
tory sinks. 


: from experience... 


The type of faucet dictates the hole design 
to order for a lavatory sink. Not all faucets 
are compatible with all sinks. 
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FIGURE 6-8 When ordering a lavatory sink, the 
faucet hole quantity and spread must be specified. 


Most homes have a half-bath in the area where 
guests are entertained that consists of one lavatory 
and a toilet. Many homeowners upgrade the fix- 
tures in the guest bathroom by installing a pedes- 
tal lavatory sink. A pedestal sink is wall-hung with 
a decorative vertical leg called a pedestal. It is not 
designed to be the sole support of the basin (bowl), 
but instead conceals the piping below the sink while 
providing a decorative appearance. The bowl is sup- 
ported with brackets that are anchored to a wood 
support called backing that the plumber installs dur- 
ing the rough-in phase of construction. The manu- 
facturer’s information must be reviewed to correctly 
install the wood backing. Ordering a pedestal sink 
for a faucet hole spread is like ordering for any 
other lavatory sink. A sink that is more common in 
the commercial industry is a wall-hung sink. It also 
uses wood backing, but it does not have a pedestal. 
Figure 6-9 shows a pedestal sink, and Figure 6-10 
shows a wall-hung sink. 


from experience... 


Because the plumber usually does not 
have the actual fixture on a job site dur- 
ing the rough-in phase, the manufac- 
turer's wall-backing information must be 
requested. 


oct e eer eee eee eee eee e eee eee ee eee ee ® 


CHAPTER 6 Fixtures 147 


es 


ek 


Courtesy of Kohler. 


FIGURE 6-9 A pedestal sink, common in guest 
bathrooms, mounts onto a wall and has a vertical leg. 


Courtesy of Kohler. 
meme] 
FIGURE 6-10 A wall-hung lavatory sink is more 


common in the commercial industry. 
—EEE|E~_L_———— EES s-s=a 
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BATHTUBS 


A bathtub, often called a tub, is used for soak- 
ing, but most tubs are used for showering as 
well. A standard residential tub is 5’ in length 
and averages 30” wide. The depth of water a 
tub can hold varies by tub design. The length x 
width X depth determines the volume (capac- 
ity) of water a tub holds. A tub has an overflow, 
which is used to determine the actual depth of 
water and not the actual height of the fixture 
from the floor. The volume of a tub determines 
how much water is used to fill a tub. Most man- 
ufacturer data sheets on a specific fixture pro- 
vide general information on the tub capacity in 
determining water usage when trying to create a 
green home. 


: Green Tip 

Bathtubs are large-capacity fixtures. They 
can increase water usage compared to a 
short-duration shower using a low-flow 
shower head. 


eevee eeeces ® 


. 
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Some tubs are sold separately; others are 
sold with wall kits, others as one-piece tub and 
shower units, and still others with whirlpool fea- 
tures. Most tubs are installed during the rough- 
in phase of a project, but some drop-in tubs are 
installed on top of tile or other solid surface af- 
ter the finished surface is complete. A one-piece 
tub and shower unit is made of fiberglass, with 
tub and walls molded as a single unit; it is in- 
stalled during the rough-in phase. Other wall 
finishes, including tile, are completed after the 
tub is installed. 


The drain and faucet are typically located at 
the end of the tub known as the head wall. Drains 
can be located in areas other than the end of a tub, 
and the faucet can be installed in the most suit- 
able location. The bottom surface of a tub slopes 
toward the drain, and every tub has an overflow 
hole (port) where an assembly known as a bath 
waste and overflow is installed. Tubs are ordered 
as either left hand or right hand. Tubs installed 


during the rough-in phase of construction are se- 
cured to walls by an installer. If the open area is 
to the left of a user, it is a left-hand tub, and vice 
versa. Figure 6-11 compares a left-hand tub with 
a right-hand tub. 


Whirlpool tubs have various installation re- 
quirements. Some are similar to a standard tub; 
others hold a large amount of bathwater. Some 
large-capacity tubs, known as garden or Ro- 
man tubs, do not have whirlpool accessories and 
are installed either during the rough-in phase or 
the trim-out phase of construction. Most large- 
capacity garden tubs and whirlpool tubs are 
drop-ins installed on top of a tiled platform built 
by another contractor. Tubs are available in many 
other styles, including some that are installed in 
the corner of a bathroom. Claw-foot tubs were 
common in the early part of the twentieth cen- 
tury, and the design has again become popular. 
Many manufacturers offer this old-style replica, 
which is typically used for bathing, not for show- 
ering. This tub can be converted, however, with a 
wrap-around shower curtain and various tub and 
shower faucets to be used as a tub and shower. 
The claw-foot tub does not anchor to a wall; it is 
installed over the finished floor during the trim- 
out phase. Figure 6-12 shows a few non-typical 
tub designs. 


: from experience... 


The physical size of the tub often requires 
that it be placed in the general work area 
before walls or doors are installed. One- 
piece tub and shower units are often de- 
livered to a construction site after the 
-roof is installed to eliminate unproductive 
- handling. : 


SHOWERS 


Though many tubs have shower faucets and are 
used as a tub as well as a shower unit, a shower is 
considered to be a fixture that is not used for soak- 
ing. Individual shower units are often referred to 
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RIGHT-HAND TUB 
(A) 


x 


LEFT-HAND ONE-PIECE 
(B) TUB & SHOWER UNIT 


FIGURE 6-11 A left-hand or right-hand tub is ordered based on which side the user exits the fixture. 
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as shower stalls. The floor is the shower base and 
slopes toward the drain. The drain location can vary 
but is usually in the center of the base. Codes dictate 
that a non-handicap shower must be at least 30” Xx 
30” (900 square inches) and have a threshold so wa- 
ter does not spill onto the area outside the shower. 
A plumber must know the drain location and the 
size of the shower before installing the drain and 
faucet. ADA-compliant shower bases have a lower 
threshold and a larger area than most non-handicap 
shower bases. Showers are sold in numerous styles 
and colors; some have shower doors and others use 
a curtain to keep water inside the shower. Multi- 
(A) piece shower units are available in which the shower 
base is installed during the rough-in phase and the 
walls after the wallboard is installed. 


One-piece shower units are installed during 
the rough-in phase. Many homes have tile shower 
bases and walls, in which case the plumber installs 
the drain, water piping, and faucet. A tiled shower 
base installed on a wood floor must have a safety 
pan installed before the tile is placed. A plumber 
usually installs the safety pan. The most common 
safety pan is PVC liner material sold in 4’ and 6' 
widths and in custom lengths. In some areas of 
the United States, copper safety pans are installed. 
Many showers have seats, and handicap showers 
must have a seat or be capable of accommodat- 
ing a wheelchair. If a seat is constructed in a tiled 
shower, the plumber must provide waterproofing 
to the seat as well as to the shower base. One-piece 
shower units with a seat are pre-molded at the 
factory. Many handicap showers have a factory- 
installed folding seat. Shower drains vary with 
the type of shower base. A fiberglass or other pre- 
molded shower base uses a different drain from 
many tiled shower bases. Figure 6-13 compares 
handicap and non-handicap one-piece tub and 
shower units, and Figure 6-14 compares handicap 
and non-handicap one-piece shower units. 


from experience... 


A fixture manufacturer typically provides 
compatible shower drains with shower 
bases or one-piece units. A plumber must 
purchase a three-piece shower drain 
assembly for a tile shower base. 


(C) 


Courtesy of Kohler. 


—_L_xx xy 
FIGURE 6-12 Many tub designs are available, 

and their specific installation requirements must be P 
reviewed before pipe installation begins. . aii 
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(A) NON-HANDICAP 
(A) NON-HANDICAP 


HANDICAP 


(B) HANDICAP 


Courtesy of Kohler. Courtesy of Kohler. 


FIGURE 6-13 A one-piece tub and shower unit is FIGURE 6-14 One-piece shower units 
the most common for residential bathrooms. are common in master bathrooms. 
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A corner shower is often referred to as a 
neo-angle shower. It is installed in the corner of 
a bathroom and is available in various widths. 
The drain location is dictated by the size of the 
shower base, so the plumber must review the 
manufacturer data during the rough-in phase. 
Many corner showers are sold in multi-piece sets, 
but one-piece sets are also available. In a one- 
piece unit, the two corner walls typically either 
are tiled or have fiberglass wall panels, and the 
two sidewalls and door are made of glass. This 
design is very popular because of its appearance 
and unique use of floor space. Some benefits of 
a corner shower are that it does not need addi- 
tional wall framing to support the glass walls, 
and its angled doorway makes use of small spaces 
that otherwise would not adhere to code clear- 
ances. Figure 6-15 shows a typical one-piece cor- 
ner shower. 


Courtesy of Kohler. 


FIGURE 6-15 A corner shower provides a unique 
appearance and accommodates design challenges 
in smaller bathrooms. 
a) 


KITCHEN SINKS 


Most residential kitchen sinks have either a sin- 
gle or double bowl and are available in various 
materials. Stainless steel is the most competitively 
priced material, and cast iron is durable and often 
considered to be a fixture upgrade. Cast iron is 
available in various colors, and both materials 
are available in various styles that vary in size, 
depth, and shape. Another popular lightweight 
material is soapstone. Most kitchen sinks are sur- 
face mounted and installed into a countertop, but 
solid-surface countertops can have sinks mounted 
from underneath. Surface-mounted sinks, also 
known as self-rimming sinks, are manufactured 
with holes for installing the faucet directly onto 
the sink. Holes must be drilled into the countertop 
surface to install faucets for most under-counter 
sinks. Plumbers typically do not cut or drill the re- 
quired holes for a sink or faucet, but they do pro- 
vide the information needed to do so. Figure 6-16 
compares sink styles that install onto and under 
a countertop. Figures 6-17 and 6-18 compare a 
stainless steel and a cast iron sink installed into a 
countertop. 


CAST IRON SINKS REST 
ON COUNTERTOP 


DEPTH VARIES 
WITH TYPE 


A STAINLESS 


STEEL SINKS 
CLIP FROM 
BELOW 


WIDTH VARIES WITH TYPE. 


kK >| 


ü UNDERSIDE OF 
STAINLESS STEEL 
SINKS ARE COATED 
WITH NOISE-SUPPRESSING 
COATING 

SSE SSS Se 


FIGURE 6-16 Some sinks are installed into 


a countertop, and others are installed under a 
countertop. 
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from experience... 


The size of a single-bowl residential kitchen 
sink is usually 25” X 22” and that of a 
double-bowl sink is typically 33” X 22”. 

A self-rimming stainless steel sink is se- 
cured to the underside of a countertop, and 
a typical cast iron sink rests on the coun- 
tertop with no attachments. 


h ete eeeeeecee cece e eee eee eee eee eee ee ® 


(A) DOUBLE BOWL 


(B) SINGLE BOWL 


Courtesy of Kohler. 


FIGURE 6-18 Cast iron sinks are usually consid- 
ered a fixture upgrade from stainless steel sinks. 


(B) DOUBLE BOWL 
Courtesy of Kohler. 

A kitchen sink is usually installed in a 
FIGURE 6-17 Stainless steel is one of the most standard-width cabinet known as a sink base. The 
common materials used for sinks installed in residen- piping serving the sink is fairly typical for most 
tial kitchens. sinks; the plumber must often install the piping 


during the rough-in phase of construction before 
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the sink is selected. Most kitchen sinks have a gar- 
bage disposal unit. The size of the drain opening 
is standard for all kitchen sinks. Most kitchens are 
equipped with an automatic dishwasher installed 
adjacent to the kitchen sink by a plumber. The 
hot water supply to the kitchen sink also serves 
the dishwasher. The drain for the dishwasher con- 
nects to the drain serving the kitchen sink, or it can 
drain into a designated port of a garbage disposal. 
Many kitchens have a specialty sink located adja- 
cent to the larger sink or installed in an isolated is- 
land within the kitchen. Some specialty sinks, such 
as a bar sink, are installed for entertaining; others 
are installed for food preparation. A basket strainer 
connecting the piping to the sink keeps objects that 
could obstruct the drain from entering the drain- 
age system. Many smaller sinks, such as a bar sink, 
have smaller drain openings and require a smaller 
basket strainer. Figure 6-19 compares some spe- 
cialty sinks often located in a kitchen. 


Oe do, 


from experience... 


Specialty sinks are often considered an 
upgrade and are not usually installed in 
a standard residential home. Many sinks 
have a three-bowl design that includes a 
specialty bowl and two standard bowls. 


ett eeeereeceeereeeec eee reer eeere reeves © 


The faucet hole spread for a kitchen sink is 
typically 8” away from the hot to the cold fau- 
cet connections. Most kitchen sinks are offered 
as a three-hole design, but, if a separate handheld 
sprayer is to be used, the sink must be ordered as a 
four-hole design. Many kitchen faucets have pull- 
out spouts that are also handheld sprayers. They 
are typically installed in a three-hole design sink. 
The center hole is aligned with the center of the 
sink, which allows the spout to flow into the de- 
sired bowl of a double-bowl sink. A common ac- 
cessory on kitchen sinks is a soap dispenser, which 
may necessitate a four-hole design. Some faucets 
require only a centered single hole, which means 
the sink must be special ordered. Figure 6-20 
compares two common layouts for kitchen sinks 
with faucet hole options. The hole locations serve 
particular designs, including those with different 
dimensions between holes. 


(A) 


(B) 


(C) 


Courtesy of Kohler. 


FIGURE 6-19 Specialty sinks give a unique look to 
a kitchen. 
EEE 
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FIGURE 6-20 Kitchen sinks are available with 
numerous faucet hole design options. 


LAUNDRY SINKS 


A laundry sink is also called a laundry tray 
or utility sink. They are typically installed in 
the room with the washing machine, but they 
might also be installed as a utility sink in a ga- 
rage or workshop area. The name laundry tray 
is carried over from the days when clothes were 
hand-washed, and many laundry sinks had a 
countertop (tray) on one or both sides of the 
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bowl. Today’s laundry sink is a deep single bowl 
that allows clothes to be immersed for soaking. 
Many codes allow a washing machine to dis- 
charge directly into a laundry sink because of its 
deep bowl design. The drain opening of a laun- 
dry sink is similar to that of a bar sink; some 
manufacturers mold the drain into the bowl and 
do not require a separate basket strainer. Fiber- 
glass is the most common material for manufac- 
turing a laundry sink, but other plastic materials 
provide a less-expensive option. Laundry sinks 
are wall hung or floor mounted. As with any 
wall-mounted fixture, wood support must be in- 
stalled by a plumber during the rough-in phase 
of construction. Figure 6-21 shows a typical 
floor-mounted laundry sink. 


: from experience... 


A floor-mounted laundry sink is an- 
chored to the floor, but the top of the 
sink must also be secured to a wall. 

A wall-mounted laundry sink must be 
securely anchored to a wood structure, 
so it is not pulled from the wall when 
filled with water. 


[ LIP EDGE 


FIGURE 6-21 A laundry sink is installed in a wash- 
ing machine area or a utility area. 
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BIDETS 


A bidet is a specialty fixture that is not installed in 
most homes. It is a common fixture in many bath- 
rooms in Europe and is growing in popularity in 
America. Custom homes typically install a bidet in 
a master bathroom. A bidet is a personal hygiene 
fixture adjacent to a toilet. Bidets are available in 
styles that match an adjacent toilet and are usually 
sold as a set with the toilet. The drain and water 
connection sizes are similar to those of a lavatory 
sink. Bidets anchor to the floor rather than to a 
connecting flange, such as a closet flange that con- 
nects to a toilet. The bidet has a faucet located on 
the top of the fixture and a small cleansing spray 
head within the bowl. The faucet hole spread of a 
bidet varies, but is similar to a lavatory sink. Many 
styles have a seat similar to the adjacent toilet seat; 
others do not have a seat. Because the cleansing 
sprayer is located below the flood level rim of the 
bidet, the water supply must be protected against 
backflow with a vacuum breaker assembly. A bidet 
faucet is sold with the required vacuum breaker. 
Figure 6-22 shows a typical bidet in a master 
bathroom. 


(A) 


(B) 


Courtesy of Kohler. 


FIGURE 6-22 A bidet is a personal hygiene fixture 
typically installed in a master bathroom. 
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SUMMARY ——— 


e The rough-in phase of construction is the phase 
before the wall finishes are installed. 


e The trim-out phase of construction is the final 
installation phase. 


e Most fixtures are provided with a manufacturer 
rough-in sheet and installation instructions. 


e A toilet has a maximum of 1.6 gallons per flush 
(gpf), with some states and government facility 
mandating a maximum of 1.28 gpf. 


e The most common distance between a toilet 
and a rear wall is 12”. 


e The two toilet bowl designs are round and 
elongated. 


e A toilet seat must have the same shape as the 
bowl design. 
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A bathroom sink is known as a lavatory. 


The size of the most common faucet hole 
spread of a lavatory is 4”. 


A bathtub is available in numerous designs. 
A tub and shower unit is a one-piece fixture. 


Most bathtubs are installed before the wall 
finish is complete. 

A drop-in tub is typically installed on a 
platform constructed by a carpenter. 

A kitchen sink is installed during the trim-out 
phase of construction. 


The two most common laundry sink designs are 
wall hung and floor mounted. 


The capacity that some fixtures hold is a 
determining factor in calculating gallons of 
water used. 
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GREEN CHECKLIST 


Fixtures and Equipment 


[_] Fixtures and their faucets or 
flushing mechanisms are a 
primary focal point of water 
conservation. 


C] Water-saving toilets use 12.8 or 
1.6 gallons per flush. 


REVIEW QUESTIONS 


1. The two bathtub designs indicating 
where the drain is located are 
known as 


a. Left hand and right hand 
b. Left head and right head 
c. Front wall and back wall 
d. None of the above is correct 


2. A pre-molded shower base and a 
tiled shower base 


a. Can have different floor slopes 
by code 


b. Use different drain assemblies 
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Some older toilets use around 
3.5 gallons per flush. 


Bathtubs are large-capacity fixtures 
and can consume a lot of water 
compared to a short-duration shower 
utilizing a low-flow showerhead. 


c. Have different drain sizes 


d. Are purchased at a plumbing 
wholesale outlet 


A kitchen sink and a bar sink have 
a. The same-size basket strainers 
b. Different-size basket strainers 


c. The capability of accepting a 
garbage disposal 


d. Integral p-trap features 


. The most common flushing action 


of a residential toilet uses 
a. A blow-out design 

b. A siphon-jet design 

c. A deluge design 

d. An external p-trap 


A bidet is a specialty fixture for 
a. Personal hygiene 

b. Bathing 

c. Clothes washing 

d. Hand washing 


The most common hole design of a 
lavatory sink is 


a. A 4" spread 
b. A 6" spread 
c. A four hole 
d. A single hole 


10. 


11. 


12. 


A handicap fixture must comply with the 
a. ADA 
b. DDA 
c. AAD 
d. DAA 


A laundry sink is also used in residential 
applications as a 


a. Kitchen sink 
b. Utility sink 

c. Lavatory sink 
d. Bathing fixture 


A one-piece tub and shower unit must be 
installed 


a. During the trim-out phase of construction 
b. After the doors and windows are installed 
c. During the rough-in phase of construction 
d. Before the plywood floor is installed 


The two most common faucet hole layout 
designs for a kitchen sink are a three hole 
anda 


a. four hole 
b. two hole 
c. one hole 
d. five hole 


A bidet has a cleansing sprayer within 
the bowl, so the water supply piping 
requires 


a. A gate valve 

b. A vacuum breaker 
c. Insulation 

d. Ball valve 


The most common bathtub is 
a. 4’ long 
b. 5’ long 


13. 


14. 


15. 


16. 


17. 
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c. 6’ long 
d. 3’ long 


Code usually requires a tile shower 
base installed on a wooden floor to 
have 


a. A safety pan 

b. A special permit 
c. 6” square tiles 
d. 4” square tiles 


The common location of a toilet 
handle 
is on the 


a. Right side of the tank 

b. Top of the tank 

c. Left side of the tank 

d. None of the above is correct 


A large bathtub design that does not 
have whirlpool features is commonly 
called 


a. An oversized bathtub 
b. A garden tub 

c. A drop-in tub 

d. A hot tub 


A water-saver type toilet is based on 
a. gallons/liters per flush 

b. gallons/liters per minute 

c. gallons/liters per hour 

d. being only a tank-type toilet 


The volume (capacity) a fixture can 
hold is determined by calculating the 


a. height x width 
b. length x width 
c. length x height 
d. length x width x height 
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18. A fixture shower is a fixture that b. the length of time a user takes a 
does not hold water, and the water bath 
usage is based on c. whether the user fills tub with more 
a. maximum gallons per minute a hot water than cold water 
shower head allows to flow d. all of the above 
b. the length of time a user takes a 
shower 20. While 1.6 gallon per flush (gpf) 
a bothkaand b toilets are considered a water- 
daheihera handel ch iti saver type, California and many 
= al oer ane federal government facilities 
epee mandate 
19. Water usage determination of a. 1.1 gpf type 


a bathtub not having a shower 

feature is based on 

a. the capacity (volume) of the tub and 
how much the tub is filled 


b. 1.28 gpf type 
c. 1.43 gpf type 
d. 2.2 gpf type 


KNOW YOUR CODES 


Research and discuss with your class the maximum gallons per 
flush (gpf) of a toilet. Does your state mandate 1.28 gpf toilets? 


If so, when was this code enacted? 
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e understand the differences in basic faucet e identify the variations in fixture outlets and 
designs. drain assemblies. 


e recognize various faucet styles and e order the correct faucet and drain assembly for a 


finishes. particular fixture. 
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aerator removable threaded 
housing for a screen attached 
to a faucet spout that creates 

a uniform flow stream. Many 
are available in a 0.5 gallon per 
minute (gpm) style to adhere to 
water conservation objectives 


BW8&0 abbreviation for bath 
waste and overflow drain 
assembly used on bathtubs 


custom home a house built 
with fixtures upgraded from the 
basic fixtures installed in a spec 
home 


diverter a device that routes 
the water from a tub spout to a 
showerhead or from a showerhead 
to a handheld shower unit 
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GLOSSARY OF TERMS 


escutcheon a flange installed 
around a pipe to conceal pipe 
penetrations through a wall, 
floor, or ceiling 


finish the color or polish of a 
faucet, drain assembly, or other 
fixture trim item 


knock-out a manufactured 
portion of a sink or garbage 
disposer designed to be removed 
by an installer to install a faucet 
or dishwasher drain hose 


pop-up drain assembly for 
lavatory sinks and bidets; 
abbreviated as PO 


port opening an opening 
in a fixture, such as a drain or 


overflow hole that receives drain 
assemblies, to connect the fixture 
to the drain system 


spec home a house built with 
average construction quality and 
product selection 


T&S faucet abbreviation for a 
combination type faucet serving a 
tub and shower unit 


trim refers to items that have 
chrome or other finishes 
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CHAPTER 7 


ou have learned about the types of 

fixtures commonly installed in resi- 

dential construction. This chapter 
focuses on faucets and drain assemblies. 
Faucets serve as the outlet for the water we 
use, and drain assemblies connect plumb- 
ing fixtures to drainage systems with specific 
connections. Most fixtures have unique drain 
outlet connections, and drain assemblies are 
manufactured to accommodate each type. 
The drain outlet size varies with the particu- 
lar fixture, and the drainage piping must be 


adapted to the fixture outlet size. 


Faucets have evolved as decorative items 
and may create a theme in a bathroom. They 
are made in a variety of styles and finishes 
and with several basic operating features. 
Faucet selection often determines the type 
of fixture selected, but not all faucets are 
compatible with all fixtures. A manufacturer 
makes faucets that are compatible with cer- 
tain fixtures, thereby creating categories of 
faucet designs. Kitchen and bathroom fau- 
cets are categories that are relevant to resi- 
dential construction. Your knowledge of 
plumbing fixtures will help you learn about 
the correct faucet designs for each fixture 


Cc atego ry. 


Green initiatives are related directly to 
how many gallons per minute a faucet or 
other water outlet allows water to flow into 
a fixture or receptacle. Showerheads and 
faucets and water saving aspects are dis- 


cussed in this chapter. 
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FAUCETS _——— 


There are so many faucet styles and faucet manufac- 
turers that a plumber must constantly be updated on 
faucet’s new styles and finishes. Each manufacturer 
publishes a product catalog to display its unique de- 
signs. Selecting which manufacturer’s product to in- 
stall is based on cost, quality, and preferred faucet 
design. A spec home may have basic faucet styles 
with mostly chrome finishes, but a custom home 
typically upgrades the fixture selection to include 
more popular finishes and more expensive faucet 
styles. Most master bathrooms and guest bathrooms 
have more expensive faucets than other bathrooms 
in a house. The faucet finish dictates what will be 
used for drain assemblies and bathroom accessories 
to create a color theme. Many faucets are available 
with different handle designs to help customize a 
bathroom. The exterior appearance of faucets can 
create the illusion that they operate differently, but 
manufacturers often use the same internal operating 
design for many faucets with different appearances. 
Although electronic operating features are available 
for faucets, the residential industry uses manually 
controlled faucets. 


Faucets are categorized by the fixtures they 
serve, and they include a variety of styles for each 
fixture. Table 7—1 lists the faucet categories and the 
common handle configurations for each used in a 
residential home. It is helpful when manufactur- 
ers identify bathroom faucets based on their style, 


TABLE 7-1 Faucet Categories and Handle Options 


Three 
Handle 


Single Two 


Category Handle Handle 
Lavatory Yes No 


Bathtub! Yes No 


Whirlpool or Yes No 
garden tub? 


Shower Yes No 


Tub and Yes 
shower 


Kitchen Yes 
Laundry Yes 
Bidet Yes 


1 Installed in wall 
2 Installed on tub 
3 A single-handle lavatory faucet can be installed on a laundry tub 
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which allows a plumber to install the same style of 
faucet throughout a bathroom. A faucet designed for 
a kitchen sink would not be suitable for a shower 
and would not be offered as a bathroom faucet be- 
cause it is not located in the same room. 


A bathtub and a lavatory faucet would be pur- 
chased in the same style and finish. Some faucets op- 
erate with a single handle, and others use separate 
handles for the hot and cold water faucets. Install- 
ing a single-handle shower faucet and a two-handle 


lavatory faucet is not uncommon, but a whirlpool 
or garden (roman) tub faucet handle has usually the 
same style as the lavatory faucet. Metal and acrylic 
are often used to manufacture faucet handles. 
Chrome, polished brass, and white are three pop- 
ular finishes used for faucets and drain assemblies. 
A combination of chrome and polished brass is 
sometimes used together in one faucet. Figure 7-1 
shows three single-handle lavatory faucets with dif- 
ferent handles and finishes. 


(¢) 


Courtesy of Moen, Incorporated. 


(F) 


FIGURE 7-1 Faucet categories and handle options. 
— Eoul OSE] 
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Water conservation type faucets have aera- 
tors that reduce the flow of water to 0.5 gallons 
per minute (gpm). While these aerators are more 
suitable for lavatory faucets, they are being used 
on some kitchen faucet applications as well. Con- 
sumers use a lavatory faucet more for hand wash- 
ing and filling a small sink bowl, while they have 
large water usage expectations for a faucet serving a 
kitchen sink or laundry sink. This expectation often 
leads to the consumers desiring more than 0.5 gpm 
to achieve their desired household tasks. Even with 
a 0.5 gpm aerator, calculating the time the faucet 
is left on is the true determination of water usage. 
The benefit of having a 0.5 gpm aerator is when 
a time-related task is performed, such as brushing 
teeth. Many consumers may leave the water run- 
ning while performing a task; this results in less 
water being used over the same period of time if a 
1 gpm aerator was installed. 


: Green Tip 

- The water saving features of faucets not only 
+ saves water consumption, but saves money 

: in not heating additional hot water, which 

> equates to being more environmentally 
friendly pertaining to not producing more 

: energy to heat water. 


Seer eoecsrec eee eecere eee eee 


: from experience... 


A faucet installed on a sink through a 
countertop or a tub platform is considered 
a deck-mounted faucet. 


All faucets must be designed to prevent backflow 
of wastewater into the water distribution system. All 
codes dictate that a faucet must have an air gap or be 
protected with a vacuum breaker or approved check 
valve. The air gap codes cover both water distribu- 
tion and drainage systems. Water distribution as- 
pects are discussed in this chapter, and the drainage 
aspects are discussed in the relevant portions of this 
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SIDE VIEW 
FAUCET HANDLE N 
A FAUCET 
7 SPOUT 
TTT 
TOP OF 
SINK AIR GAP 


FLOOD LEVEL RIM 


Courtesy of Moen, Incorporated. 


FIGURE 7-2 An air gap protects against backflow 
of wastewater into a potable water system through 

a faucet. 
SSS ees 


book. The popularity of pull-out spray faucet spouts 
and handheld shower attachments has increased the 
threat of contamination to a potable water system. 
The backflow prevention accessories vary with each 
faucet and are explained with the relevant faucets 
throughout this chapter. Figure 7-2 shows a faucet 
air gap. Most faucets are manufactured to comply 
with water distribution air gap codes. 


: from experience... 


- The only completely effective form of 
backflow prevention is through the instal- 
lation of an air gap. Many faucet accesso- 
ries that attach to an aerator violate the 

- air gap code because they lower the air 

gap below an allowable distance. 


Water piping is connected to faucets in a num- 
ber of ways. Table 7-2 indicates the usual method 
of connections for each faucet category. Some fau- 
cets are connected to the water supply with male or 
female adapters and with copper tube to create a 
soldered connection; others use a specially designed 
3/8" OD supply tube that is connected to male 
threads of a faucet. Table 7-2 lists the categories of 
residential faucets and their common forms of con- 
nections, which are determined by the manufactur- 
er’s design and the faucet style. 


Copyright 2011 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


166 SECTION 2 Fixtures and Equipment 


TABLE 7-2 Common Faucet Connections 


Category Male Threads! Female Threads Soldered? 3/8” Tubing* 


Lavatory Yes No No Yes 
Bathtub Yes Yes Yes No 
Whirlpool or garden tub Yes No Yes No 
Shower Yes Yes Yes No 
Tub and shower Yes Yes Yes No 
Kitchen Yes No No 

Laundry Yes No No No 
Bidet Yes No No 


‘Connected with a female adapter or a specially designed supply nut 
2Connected with a male adapter 

3Receives copper tube 

4Has 3/8” OD tubing from factory 


: from experience... : : from experience... 
- The connection to each faucet varies de- : -  A6" and an 8" spread faucet is often the : 
+ pending on the particular faucet, the type: : same faucet, simply adjusted on a job site. 

- of water piping installed, and company : : A 6” spread faucet is usually installed in { 
: preferences. : -a solid surface countertop that has had ; 


Eo O eee eee eee eee e ence eee eet ‘ ’ holes drilled on the job site. 


eee eercec cece cece eee eee eee eee eee secs © 


LAVATORY FAUCETS 


The most common lavatory faucets have a 4” spread A lavatory faucet is installed onto a plumbing 
between the hot and cold handles. Many lavatory fixture in various ways depending on the type of 
faucets have a one-piece body design, and some faucet and the manufacturer’s design. A tightening 
have a three-piece design consisting of a hot and nut and flat washer are used to secure most faucets 
cold handle and a spout. Many three-piece faucets to a fixture. Installation instructions are included 
can be installed in 4”, 6”, and 8” spread lavatories, with each faucet, and plumbers should refer to this 
but others work only in 8” spread sinks. The most important information when installing an unfamil- 
popular are single-handle and two-handle faucets. iar faucet design. Figure 7—4 illustrates a typical 
A single-handle faucet blends the hot and cold wa- two-handle sink faucet connected to a fixture and 
ter with one handle. The spout is located directly the water piping connection. 


below the handle. With a two-handle design, the 
user must operate both handles to achieve a desired i 
temperature. Soft copper tubing is typically used to q fro m exp eri ence 

connect a single-handle faucet with the water-sup- : can 

ply tube under the sink. A male-threaded extension : A faucet-connecting nut is tightened and 

is used to connect most 4” spread two-handle fau- loosened with a basin wrench. Many con- 
cets to the hot and cold water supply tubing. More i ; $ 
expensive two-handle faucets can be installed in a 3 necting nuts are made of plastic. r 
6” and 8” spread lavatory sink. The center hole of a BE E E A ee ae nae E , 
lavatory sink is designated for the spout. Figure 7-3 © 
shows several faucet styles. 
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SINGLE-HANDLE ONE PIECE 
TWO-HANDLE THREE PIECE TWO-HANDLE ONE PIECE WITH ACRYLIC HANDLE 


SINGLE-HANDLE ONE PIECE TWO-HANDLE THREE PIECE 
WITH HANDICAP LEVER HANDLE 8" SPREAD WITH LEVER HANDLES 


p 


TWO-HANDLE THREE PIECE TWO-HANDLE THREE PIECE 8" SPREAD 


8" SPREAD WITH CROSS HANDLES WITH LEVER HANDLES AND 
AND GOOSESNECK SPOUT GOOSENECK SPOUT 


FIGURE 7-3 Various styles of lavatory faucets allow a bathroom to be customized based on personal 
preference and cost. 
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SIDE VIEW 


HANDLE 


SPOUT 


FIXTURE OR 
SOLID SURFACE 


NUT AND METAL WASHER 
MALE THREADS ——> 


<— 3/8" OD SINK 


FAUCET SUPPLY TUBE 


NUT 


~<— TO STOP UNDER SINK 
= eee 


FIGURE 7-4 Faucets are tightened to a fixture 
with a nut and washer, and the water supply 
tubing is connected to the faucet using various 
methods. 


BATHTUB AND SHOWER 
FAUCETS 


A bathtub faucet and shower faucet are two sepa- 
rate items with two different purposes. A tub faucet 
fills a tub, and a shower faucet serves a showerhead. 
A tub faucet is either deck mounted or installed in 
a wall. Deck-mounted faucets are used in large-ca- 
pacity tubs, such as a garden (Roman) tub or whirl- 
pool. A tub faucet installed in a wall also usually 
serves a showerhead, which makes it a combination 
tub and shower faucet. A faucet serving a tub or 
shower is often called a tub valve or shower valve 
even though, by definition, it is a faucet. Figure 7-5 
shows a single-handle shower faucet, but two-han- 
dle designs are also available. 


from experience... 


In a two-handle faucet, an internal 
washer usually stops the water flow; most 
single-handle designs are washerless. 


Courtesy of Moen, Incorporated. 


FIGURE 7-5 A single-handle shower faucet is a 
popular design. 
E 


A tub and shower (T&S) faucet provides wa- 
ter for bathing or showering using a diverter. There 
are a number of ways to divert the water flowing 
through a tub spout to flow through a showerhead. 
When a T&S faucet is activated, the water flows 
to the tub spout, and the user must manually di- 
vert the water to the showerhead. A single-handle 
T&S faucet uses either a diverter-style tub spout or 
a push-button diverter located directly below the 
faucet handle. In a three-handle T&S faucet, the 
middle handle is the diverter. The body portion of a 
T&S faucet is installed during the rough-in phase of 
construction; the trim components are added after 
the wall finish is complete. Figure 7—6 shows a tub 


DIVERTER ROD 


PULL DIVERTER 
UPWARD WHILE 
WATER IS FLOWING 
THROUGH SPOUT TO 
DIVERT WATER 

TO SHOWERHEAD 


Courtesy of Moen, Incorporated. 
SSE ee 
FIGURE 7-6 A tub spout can also divert water 


from the spout to a showerhead. 
ee] 
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STUB-OUT PIPE 
FOR SHOWER HEAD 


WOOD SUPPORT 
AS REQUIRED 


TUB AND SHOWER 
FAUCET BODY 
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STUB-OUT PIPE 
FOR TUB SPOUT 


PIPING AND FAUCET ARE INSTALLED IN THE WALLS DURING THE ROUGH-IN PHASE 
OF CONSTRUCTION. FAUCET TRIM IS NOT INSTALLED UNTIL THE COMPLETION OF 


WALL FINISH, SUCH AS TILE AND GROUT. 
ae Ee) 


FIGURE 7-7 A tub and shower faucet is installed in a wall, and the trim is installed after 


the walls are finished. 


spout with a diverter feature. Figure 7-7 illustrates 
a tub and shower faucet in a wall. Figure 7-8 shows 
various types of T&S faucets. 


et ee eee eee eree eee eee e see eee e seer eeesee, 


from experience... 


Some tub and shower faucets can be con- 
verted to only-shower faucets by capping 
or plugging the outlet designated for the 
tub spout, but a shower valve cannot be 
converted to a tub and shower faucet. 


ete eereeeeeseseseeeseeeeeeeseeseeee * 


Each shower faucet is sold with a wall 
escutcheon, a shower arm, and a basic shower- 
head. Showerheads can be purchased separately 
to provide a unique appearance or to create a 
desired spray pattern. Most showerheads are 
equipped with internal flow regulators that al- 
low only 1 gallon per minute (gpm) water. Not 
all shower arms are compatible with every show- 
erhead, but all have 1/2” threaded pipe nipples on 
the end that is connected to the in-wall piping and 
are angled downward to direct the water flow to- 
ward the user. Most shower arms also have a 1/2” 
male thread on the end that is connected to the 
showerhead, but some have pivot ends. The fin- 
ish of the shower arm typically matches the fin- 
ish of the faucet. Figure 7-9 shows two different 
showerhead designs with flow-pattern adjustment 
features. 
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MIDDLE HANDLE IS DIVERTER 


> SINGLE-HANDLE 
TUB AND SHOWER 
FAUCET WITH una \ 


DIVERTER SPOUT (B) THREE HANDLE 


SINGLE HANDLE DESIGN WITH 
A) DIVERTER SPOUT 


“a y <— TWO HANDLE TUB AND 
y SHOWER FAUCET REQUIRES 
A TUB SPOUT WITH DIVERTER 


(C) TWO HANDLE WITH DIVERTER SPOUT 
Courtesy of Moen, Incorporated. 


FIGURE 7-8 Various styles and types of tubs and shower faucets are installed based on cost and personal preference. 


: from experience... 


: A shower arm with no accessories to stop 
-the flow of water through the shower- 
head is never subjected to high water : 
pressure. Therefore, it does not have tobe : 
tightened as much as other threaded con- 
nections. A strap wrench can be used to 
tighten the shower arm, so the finish is 
not damaged. 
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WALL 
ESCUTCHEON 


LARGE DIAMETER WITH 
SPRAY PATTERN ADJUSTMENT 


STANDARD SHOWER HEAD DESIGN 
WITH SPRAY PATTERN ADJUSTMENT 


Courtesy of Moen, Incorporated. 


FIGURE 7-9 Various shower head designs are 
available to customize a bathroom and adjust the 
spray pattern. 
E) 


Many custom bathrooms or master bathrooms 
have more expensive faucet configurations, includ- 
ing handheld shower units. Most handicap codes 
dictate that a shower must be equipped with a 
handheld shower unit. These units can be installed 
in various ways. Some are connected to the piping 
system externally to the shower arm; others are in- 
stalled with the piping in the wall during the rough- 
in phase of construction. One piping configuration 
has a separate diverter valve that directs the flow 
of water from a shower head to a handheld shower. 
Most codes dictate that a vacuum breaker must 
be installed when a handheld shower is installed. 
Figure 7-10 shows a complex configuration of a 
shower faucet and several diverter valves that offer 
numerous showering options. Figure 7-11 shows a 
typical vacuum breaker installed externally to pro- 
tect against backflow if the handheld shower unit 
is placed in wastewater. 
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INSTALLED ' 


A SLIDE BAR 

MOST CODES 

REQUIRE A 

VACCUUM 

BREAKER TO BE 

INSTALLED SINGLE ARE INSTALLED 

BECAUSE THE HANDLE TO USE ONE 

HOSE CREATES FAUCET SHOWERHEAD 

A BACKFLOW OR TO USE 

THREAT MULTIPLE 
SHOWERHEADS 


Courtesy of Moen, Incorporated. 


FIGURE 7-10 Handheld shower units are required 
to satisfy most handicap codes and are popular in 
master bathrooms. 


from experience... 


Some handheld shower units are con- 
nected to the shower arm serving the 
shower head with a diverter tee, which l 
eliminates the need for separate piping. f 
However, this creates an aftermarket ap- : 
pearance, and it may not be satisfactory 
in some custom homes. 


eeceeceeceee, 
eeeceevee ® 


Green Tip 


A handheld shower equipped with means to 
turn off water while washing hair or shaving 
in the shower is a great water saving feature. 
This allows the user to stop the water flow 
while performing activities that do not require 
running water. 
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FROM WALL 


SZ ~— CONNECTS TO HANDHELD 


SHOWER HOSE 


Courtesy of Moen, Incorporated. 


FIGURE 7-11 A vacuum breaker is 
required when installing a handheld 
shower because the hose can be 
immersed in the wastewater. 
eS SSE 


DECK-MOUNTED 
FAUCET IS INSTALLED 
ON PLATFORM 


A framing contractor often erects a platform 
structure on a job site for a plumber to install large- 
capacity drop-in tubs. Most whirlpool or garden 
tubs are installed with a platform, but some have 
self-supporting structures. Most large-capacity tubs 
have a deck-mounted faucet placed so that the user 
can fill the tub before entry. The solid surface of the 
tub must be ordered with the faucet holes placed in 
the correct location, or they must be drilled on the 
job site. A plumber might need to drill the faucet 
holes in a tub installed in a platform structure. If 
a platform is going to have a ceramic tile surface, 
a plumber must install the body of the faucet be- 
fore the tile is placed and install the trim after the 
grout is applied between the tiles. The typical deck- 
mounted faucet has an 8” spread, and various styles 
are available. Figure 7-12 shows a typical drop-in 


FIGURE 7-12 Large-capacity tubs are often installed in a platform 
structure and require a deck-mounted faucet. 
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tub on an erected platform that indicates a possible 
faucet location. Figure 7-13 compares some deck- 
mounted tub faucets. 


HIGH PROFILE SPOUT 


INSTALLED PROVIDES A GREATER 
ON TOP OF DECK AIR GAP 
(A) DECK-MOUNTED TUB FAUCET WITH LEVER 


HANDLES AND HIGH PROFILE SPOUT 


sy ’=<— CROSS STYLE 


É 


4A HANDLES OFFER 
— aN 


AN OLD-FASHIONED 
APPEARANCE 
DECK MOUNTED TUB FAUCET WITH 
CROSS HANDLES AND LOW PROFILE SPOUT 


(B) 
~~ ACRYLIC HANDLES 
ia ARE TYPICALLY LESS 
/ => EXPENSIVE THAN 
2 4 a METAL HANDLES 
ý 7 
¢ se» 


DECK-MOUNTED TUB FAUCET WITH 
ACRYLIC HANDLES AND LOW PROFILE SPOUT 


(©) 


Courtesy of Moen, Incorporated. 
a aT] 
FIGURE 7-13 A deck-mounted tub faucet serves a 
whirlpool, and other large-capacity tubs are offered in 
a variety of styles. 
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: from experience... } 


Many faucets are sold with the rough- : 
in and trim items in a single box, which : 
creates a material-handling concern. The 

trim items should remain in the box and 

«be placed in a secure location so they are 
- not damaged or lost before the trim-out - 
> phase of construction. : 


KITCHEN SINK FAUCETS 


Cost and personal preference are usually the de- 
ciding factors in selecting a kitchen sink faucet. 
A kitchen faucet has a swivel spout, which allows 
the water flow to be used in both bowls of a kitchen 
sink. The styles and finish selections are vast. Most 
spec homes have chrome-plated faucets, but many 
custom homes have color finishes. Spec homes tend 
to have more price-competitive faucets, and cus- 
tom homes typically have more expensive ones. Not 
all kitchen faucets fit every type of kitchen sink. 
A faucet selection can dictate a sink selection, but 
the sink choice can also determine the style of faucet 
that can be installed. The design of the faucet dic- 
tates the number of faucet holes required in a sink. 


The most common type of kitchen faucet re- 
quires a sink with three faucet holes that are 4” 
apart or 8” from the hot and cold water supply con- 
nections to the faucet. Some single-handle faucets 
can be installed in a three-hole sink, because they 
are sold with a cover plate to conceal the unused 
hot and cold faucet holes. A competitively priced 
faucet with a spray unit requires a four-hole sink as 
shown in Figure 7-14. 


from experience... } 
-Sink hole covers, available in various fin- 
: __ ishes, can be used to cover any unused : 
: holes in a sink. They are not desirable, Í 


however, because their presence indicates 
that an installation oversight has occurred. 
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SINGLE HANDLE WITH SPRAY 


Courtesy of Moen, Incorporated. 


FIGURE 7-14 One type of kitchen sink faucet us- 
ing a four-hole sink has a separate spray unit. 
e a u} 


Many manufacturers make faucet base plates 
with built-in spray units. This eliminates the need 
for a four-hole sink. Features such as soap dispens- 
ers are sometimes added into the faucet base plate, 
eliminating the need for a more expensive sink. 
A plumber should remain knowledgeable about 
new designs and be creative in satisfying a custom- 
er’s request. Figure 7-15 shows a faucet with two 
features that can be installed in a three-hole sink. 


from experience... 


- Soap dispensers that match the faucet fin- 
: ish have become very popular. The soap 
storage container is installed from below 
-the sink and is removable from there. It is 
: filled from above the sink. 


eececeeee 


Faucets designed with a pull-out spout, which 
is also the spray unit, are very popular, and there 
is no need for a four-hole sink. The pull-out spout 
can be immersed in wastewater, which can allow 
backflow that threatens the potable water system. 
Most of these faucets are manufactured with an in- 
tegral check valve to eliminate backflow, but many 
code officials require an additional form of back- 
flow prevention. A dual check valve will usually suf- 
fice as an additional means of backflow prevention. 
Figure 7-16 shows a pull-out spout faucet. 


SINGLE HANDLE WITH SPRAY AND SOAP DISPENSER 


Courtesy of Moen, Incorporated. 


FIGURE 7-15 A faucet design with a soap dis- 
penser and a spray unit within the faucet base plate 
allows a three-hole sink. 


THIS TYPE OF FAUCET ONLY REQUIRES A ONE-HOLE SINK, 
BUT BASEPLATE COVERS UNUSED FAUCET 
HOLES OF A THREE-HOLE SINK. 


PULL-OUT SPOUT 


Courtesy of Moen, Incorporated. 
eol 
FIGURE 7-16 Pull-out spout faucets are popular, 
but they can jeopardize the potable water system if 
they are immersed in wastewater. 
| 


Copyright 2011 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


CHAPTER 7 


CAUTION 


Most manufacturers make an economical fau- 
cet to remain competitive. A two-handle faucet 
with no spray unit but with a one-piece body is 
often the least expensive kind of kitchen faucet. 
A three-hole kitchen sink is required for most two- 
handle faucets with no spray. This faucet is of- 
ten found in rental homes and commercial office 
kitchenettes because of its lower cost. Some ver- 
sions of a two-handle faucet—depending on the 
type of handle, the spout, and the manufacturer— 
can be more expensive than other faucet designs. 
Some two-handle faucets that do not have a base 
plate still require a three-hole sink (Fig. 7-18). 
A two-handle faucet without a separate spray unit 
such as the one shown in Figure 7-17 is ordered as 
“less spray.” 


from experience... 


A competitively priced faucet is not neces- 
sarily inferior, but rather has less style and 
often fewer handle options than more ex- 
pensive models. 


Many kitchen faucets are designed for filling 
large pots with water. A gooseneck spout has a 
unique appearance and is typically two handled, 
but can also have a single handle. They can be 
purchased with or without separate spray units 
and are often more expensive than other faucet 
designs. Gooseneck faucets are often used in spe- 
cialty sinks, such as bar sinks, and are used exten- 
sively in commercial applications. Other faucet 
designs can be used to customize a kitchen, many 
of which use either a one-hole or two-hole sink. 
Figure 7-18 shows two different gooseneck-style 
faucets. 
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a r LEVER HANDLES ARE 
TYPICALLY OPTIONAL AND 


IS A DESIGN PREFERENCE 
= 


st j 4 4 3 
ar. | Bots 


ONE-PIECE DESIGN REQUIRES A THREE-HOLE SINK 


TWO HANDLE LESS SPRAY 


Courtesy of Moen, Incorporated. 


FIGURE 7-17 Two-handle faucets that do not have 
a spray unit offer an inexpensive option and can be 
installed in a three-hole sink. 


from experience... 


Most gooseneck spouts swivel from side-to- 
side, so they can be used on a double-bowl 
sink. A plumber should know that a rigid 
spout can serve only a single-bowl sink. 


ot eee ee eee sere eeeee see ee eee ee eeee 


LAUNDRY SINK FAUCETS 


Laundry tub faucets have a 4” spread and various 
spouts. Many laundry sink faucets have a swivel 
spout that does not get in the way when large items 
are placed in the sink. Some of these faucets have a 
hose thread on the outlet portion of the spout, so a 
garden hose can be connected. To be legally installed, 
a hose-end spout must have a vacuum breaker to 
eliminate backflow into the potable water supply. 
Most residential-style laundry faucets are sold with 
aerators to eliminate a hose connection. A plumber 
must recognize the important differences between 
these designs. A residential laundry sink has a ledge 
where the faucet is installed, adhering to air gap 
codes. Figure 7-19 shows a faucet with a hose-end 
spout that would need to have a backflow preven- 
tion device installed in the piping system or attached 
to the spout. Figure 7-20 shows two faucets with dif- 
ferent spout ends; a typical laundry sink faucet has a 
swivel spout. Figure 7-21 shows a laundry sink faucet 
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A y — AIR GAP AND 
‘i IS USEFUL FOR 
A i FILLING LARGE 
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CEJ 


TWO HANDLE LESS SPRAY WITH GOOSENECK SPOUT 


Courtesy of Moen, Incorporated. 


GOOSE NECK 
SPOUT 


THIS FAUCET DESIGN ONLY REQUIRES 
A ONE-HOLE SINK AND IS COMMON FOR 
SPECIALTY SINKS SUCH AS A BAR SINK 


SINGLE LEVER LESS SPRAY 


FIGURE 7-18 A gooseneck spout is a popular feature for filling large pots with water and creates a unique 


appearance. 


SIDE VIEW 


HANDLE —> 


FAUCET BASE 
PLATE 


a> 


HOT WATER —> 
CONNECTION 


BOTTOM OF BASIN 


33 <— HOSE-END SPOUT 


——- FLOOD LEVEL RIM 


~<— HOSE 


HOSE IS PLACED LOWER 
THAN THE FLOOD LEVEL 
RIM OF THE SINK AND 
VIOLATES THE AIR GAP 
CODE UNLESS FAUCET 
IS PROTECTED WITH 

A BACKFLOW DEVICE 


FIGURE 7-19 A hose-end spout of a laundry sink faucet that is not 
protected against backflow is illegal. 
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TWO HANDLE WITH HOSE-END SPOUT 


a 


Pro 


a 
d ta” 
TWO-HANDLE DESIGN WITH = iN 
A 4" SPREAD IS A STANDARD © HOSE-END 
DESIGN FOR A LAUNDRY SPOUT 


SINK FAUCET 


TWO HANDLE WITH PLAIN-END SPOUT 


MANY LAUNDRY SINK FAUCETS HAVE A SWIVEL SPOUT 


Courtesy of Kohler. 
e a OOOO] 
FIGURE 7-20 Laundry sink faucets are available 


with various spout designs, most of which have a 
swivel spout. 


with an aerator attached to the end of the spout; it 
does not require a backflow prevention device. 


from experience... 


Laundry sink faucets typically have an in- 
ternal washer to stop the flow of water. 
Most have a chrome finish. 


ot tee eeeeeereeee ees ese eee eeseseseoe ® 
. 
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FAUCET BASE 
PLATE SITS ON 
FAUCET EDGE 


Courtesy of Delta. 
S ee i] 


FIGURE 7-21 An aerator spout of a laundry sink 
faucet does not require a backflow prevention device. 
E | 


CAUTION 


Most residential laundry sinks are made from 
fiberglass or other soft materials and have knock- 
out holes, so the plumber can select the hole that 
matches the faucet being used. This option allows a 
plumber to easily install either a kitchen or lavatory 
faucet on the sink ledge. A plumber can drill fau- 
cet holes in the ledge area if the faucet has a spread 
greater than the typical 4”. Figure 7-22 shows a fau- 
cet ledge on a laundry sink. 


from experience... 


Though the term knock-out indicates 
that a plumber can forcibly remove mate- 
rial from the faucet hole locations, care 
must be taken not to damage the sink. A 
razor knife can be used to score the sink 
before tapping the knock-out area. A hole 
saw and drill can also be used to safely 
remove the knock-out areas. 


ott eeeeecec cece eee eee reer eee eee eecee ® 
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ISOMETRIC VIEW 


FAUCET LEDGE 


KNOCK-OUT 
HOLES 


A PLUMBER 
REMOVES THE 
KNOCK-OUT 
TO INSTALL 

A FAUCET 


FIGURE 7-22 A laundry sink has a faucet ledge, soa 
faucet can be installed that complies with air gap codes. 


BIDET FAUCETS 


A bidet faucet must be compatible with the faucet 
holes and the vacuum breaker, if required. Codes 
require a vacuum breaker if the hygiene sprayer 
is located in the bowl area of a bidet, because the 
sprayer is present below the flood level rim. The 
hygiene sprayer can be located in various places, 
and a plumber must be sure that the correct faucet 
is purchased for the specific bidet. The style and fin- 
ish of a bidet faucet is usually the same as the other 
faucets in the bathroom. Most have a two-handle 
design with no base plate and a spread ranging from 
4" to 8". Some are similar to a lavatory faucet, and 
others are single handled. Figure 7-23 shows sev- 
eral bidet faucet styles and designs. 


: from experience... 
If a bidet requires a vacuum breaker, but 
does not have a hole for it, the rough-in 
water piping must be installed to accom- 
modate the vacuum breaker. Review the 


fixture installation information during the 
rough-in phase of construction. 


TWO-HANDLE DESIGN WITH CROSS HANDLES 


TWO-HANDLE DESIGN WITH LEVER HANDLES 


SINGLE-HANDLE DESIGN 


A & B: Courtesy of Moen, Incorporated: C Courtesy of Kohler. 


FIGURE 7-23 Bidet faucets are available in vari- 
ous styles and designs and must be compatible with 
the specific fixture. 
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DRAIN ASSEMBLIES _ 


Drain assemblies are chosen based on the fixtures 
they will serve. Codes dictate minimum drain 
sizes, and all fixtures and drain assemblies are 
manufactured according to those requirements. 
Most drain assemblies operate mechanically, so 
the water level in the fixture can be controlled. 
Shower drains are not controlled mechanically 
and are considered to be floor drains. Most codes 
dictate that the largest foreign object that can 
enter a drainage system must be 1/2” diameter. 
Therefore, sink, shower, bidet, and bathtub drains 
must have straining capabilities. Most drain as- 
sembly connections must be sealed with putty or 
caulk to prevent leaks. 


To identify a drain assembly, a plumber must 
know what fixture is being served and the manu- 
facturer’s designation for it. Drain assemblies vary 
depending on the manufacturer. The information 
provided here is generalized to show intent and is 
not specific to a particular manufacturer. 


LAVATORY DRAIN ASSEMBLIES 


The drain assembly used for a lavatory faucet is 
known as a pop-up (PO). Drains and faucets are 


usually sold together. The finish on the exposed ,+-* 


SIDE VIEW 


SPOUT 


PASSES THROUGH 
SPOUT 


COUNTERTOP 


THUMBSCREW ——>(— 


LINK EXTENSION ——>- 


RETAINER CLIP — 


PLUNGER 
ROD 


ATTACHES WITH 
PLUNGER ROD 
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portions of a PO matches that of the faucet. The 
PO assembly consists of various elements that 
function as one unit. A PO rod, located within the 
faucet spout, is connected to a link assembly un- 
der the sink that operates the plunger. The rod is 
pulled upward to fill the sink and pushed down- 
ward to drain it. The PO assembly also connects 
the fixture to the drainage system. All lavatory PO 
assemblies are 1-1/4” tubular size, and most are 
made of brass; however, some less expensive ones 
are made of plastic. The tubular tailpiece is not 
compatible with drainage waste and vent (DWV) 
pipe, so a trap adapter is used to connect the two 
pipes. Many lavatories utilize tubular p-traps that 
connect with the drainage system. Figure 7-24 
illustrates a PO assembly. 


et eee eee eeerec reese eee eee eeeeesresreereeeee, 


from experience... 


Some industry professionals think the 
abbreviation PO refers to port-opening 
device; others believe it stands for the 
first two letters in pop-up. 


. 


_I<—— AERATOR 


FAUCET HOLE 


OVERFLOW 
PORT 


SEE FIGURE 7.25 


/«———— NUT, WASHER, 
AND GASKET 


TAILPIECE CONNECTS 
TO P-TRAP 


SEAL NUT 


FIGURE 7-24 A pop-up drain assembly consists of several items linked together to 


work as one unit. 
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TIGHTENING NUT WITH 


WITH WRENCH 


FIGURE 7-25 A pop-up flange body has a slotted area to receive water that 


drains through fixture overflow. 


Most lavatories have an overflow port, so 
water cannot rise above the rim of the fixture. 
The flanged drain portion of a PO assembly has 
a slot to receive water that enters the overflow 
port of a sink. The water then enters the drain- 
age system. If a lavatory sink does not have an 
overflow feature, the slotted feature is irrelevant 
but can still be installed. In a lavatory overflow, 
the underside of the sink creates a hollow chan- 
nel to drain high water levels into the PO flange 
body. Many designs are available, but most have 
a multiple-sectioned flange body. Figure 7-25 
shows a typical PO flange body design with an 
overflow slotted area. 


ot ®t eeeeeece eee eee e eee eee eee ee eeeee eee, 


from experience... 


Most commercial sinks have a 1-1/2" 
grid strainer assembly, which does not 
have a PO feature but does have a 
mesh grid, so objects cannot enter the 
drain system. Because there is no PO 
assembly, the sink cannot be used to 
retain water. 


BATHTUB DRAIN ASSEMBLIES 


A bathtub drain assembly is termed a bath waste 
and overflow (BW&O). Several designs are avail- 
able; the finish is purchased to match the faucet 
finish. A bathtub has an overflow port hole and 
a drain port that are always aligned vertically 
with the overflow hole above the drain hole. In 
most bathtubs, the holes are located on the left 
or right end, but some tubs have holes located 
in the center. Large-capacity whirlpool tubs are 
more likely than standard tubs to have the holes 
in a variety of locations. If a tub is filled with 
water to a level above the bottom of the over- 
flow hole, water enters the BW&O and gets dis- 
charged into the drainage system. The drain hole 
of a tub holds the drain assembly portion of the 
BW&O. 


Trip-lever BW&O designs use an internal link 
assembly to control the water level in the tub. The 
user controls the internal operation manually with 
a lever located on the cover plate. When the le- 
ver is activated, the internal assembly raises and 
lowers a lift assembly. The internal link assembly 
is adjustable to satisfy different bathtub heights. 
A more competitively priced drain assembly is 
the touch-toe BW&O. It has no internal oper- 
ating features; the user can fill and drain the tub 
by simply depressing the spring-loaded drain 
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===> RUBBER GASKET 
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FIGURE 7-26 Two common bath waste and overflow styles are available to control the water height in a tub. 


seal plug. Another popular style is the push-pull 
BW&O, which also does not have internal operat- 
ing features. The push-pull design operates much 
like a touch-toe design. Figure 7-26 illustrates 
two different BW&O assemblies. Figure 7-27 


illustrates the relation of a tub and a BW&O as- 
sembly. Figure 7-28 shows a trip-lever BW&O. 
Figure 7-29 shows a push-pull BW&O that re- 
quires a plumber to install piping according to the 
specifications for a specific bathtub. 


SIDE VIEW 


FLANGE AND GASKET —, \ 


A LINKAGE-STYLE FEATURE HAS A TRIP LEVER COVER PLATE 
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FIGURE 7-27 A bath waste and overflow assembly is connected to the overflow outlet and drain outlet of a tub. 
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Courtesy of Moen, Kohler. 


FIGURE 7-28 A trip-lever type of bath waste and 
overflow is adjustable in various tube heights. 


eoeeece eee eee ee eee eee eee eee eee eee eee ey, 


from experience... 


A plumber can manually adjust a trip- 
lever BW&O by removing the cover plate 
and the attached internal linkage assem- 
bly. Follow the manufacturer's instructions 
for the correct adjustment, and remember 
that not all kinds of trip levers are suit- 
able for large-capacity bathtubs. 


ececeescecee sce ee eee eee eee ee 
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Courtesy of Moen, Incorporated. 


FIGURE 7-29 Many bath waste and overflow de- 
signs require a plumber to install piping to the re- 
quirements of a specific bathtub. 

LL _——SE—EeE—————— SS SSS) 


SHOWER DRAINS 


Several kinds of shower drains are available; their 
specific use depends on the types of shower bases 
installed. A ceramic tile shower base requires a 
safety pan to protect the underlying wood floor 
and structure. Most safety pans are polyvinyl 
chloride (PVC) liners installed by plumbers dur- 
ing the rough-in phase of construction. A three- 
piece shower drain is needed to ensure that water 
does not seep around the drain and onto the wood 
floor. The three pieces have specific purposes. The 
threaded top portion is adjustable to allow for 
varying tile thicknesses; this is where the perforated 
strainer and screws are secured. The middle por- 
tion receives the top threaded portion and is bolted 
to the bottom portion. It secures the safety pan and 
has weep slots to allow any water that penetrates 
the tile shower base to drain into the floor drain. 
The bottom portion (body) rests flush with the 
wood floor and connects the piping to the p-trap. 
The minimum-size shower drain most codes dictate 
is 2" diameter. Figure 7-30 illustrates a three-piece 
shower drain and its relation to the wood floor and 
safety pan. Figure 7-31 shows two typical plastic 
three-piece shower drains. 
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FIGURE 7-30 A three-piece shower drain is installed when a ceramic tile shower base is 
constructed. 
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FIGURE 7-31 A three-piece shower drain is also considered to be a floor drain 


and offers a plumber a range of adjustments to compensate for various floor 
thicknesses. 
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CAUTION 


If a tile shower is installed on a concrete 
floor, codes typically do not require a safety pan; 
a one-piece shower drain can be installed there. 
A pre-molded shower base has a multi-piece 
shower drain that is installed by securing it to 
the base. A one-piece shower unit uses the same 
type of drain as a pre-molded base. Figure 7-32 
shows a side view of a one-piece shower drain 
often used with a tile base on a concrete floor. 
Figure 7-33 illustrates a one-piece shower drain 
used with a pre-molded shower base or one-piece 
shower unit. 


: from experience... 


A shower drain in a one-piece shower 
unit or shower base is often inaccessi- 
ble after installation. Always tighten and 
seal the drain correctly and test for leaks 
before progressing to the final stages of 
construction. 


KITCHEN SINK BASKET 
STRAINERS 


The drainage system serving a kitchen sink is con- 
nected to the fixture with a basket strainer. Regard- 
less of the type of kitchen sink, the connection of the 
drainage system is the same. All have 1-1/2” drain 
connections. Basket strainers vary in the depth of 
the body portion and in the finish, which matches 
the color of the sink or the finish of a faucet. Col- 
ored sinks often use the same color basket strainer, 
and stainless steel sinks use a stainless steel strainer. 
A basket strainer can be installed either before or 
after a sink installation. 


STRAINER SCREWS MATCHING STRAINER FINISH% 2) 


EEE eee <— PERFORATED 
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a MATCHING 
FAUCET 
FINISH 


PIPE IS INSERTED 


IPE SOCKET INTO SOCKET 


TO P-TRAP 
Saag) 


FIGURE 7-32 A one-piece shower drain is in- 
stalled when a tile shower base is constructed on a 
concrete floor. 


A plumber uses either putty or caulk to seal 
a basket strainer to the inside of a sink bowl. 
A rubber gasket is placed over the basket strainer 
from under the sink, and a fiber (cardboard) gas- 
ket, known as a friction washer, is placed between 
the tightening nut and the rubber gasket to prevent 
the rubber from being deformed during the tighten- 
ing process. Figure 7-34 shows a typical stainless 
steel kitchen sink basket strainer. Figure 7-35 shows 
a side view of a deep basket strainer; shallow types 
have a threaded body, a larger tightening nut, and 
no spacer. A 1-1/2” flanged tailpiece is connected to 
a basket strainer. 


from experience... i 


A kitchen sink basket strainer is accessible 
after a sink is installed. A plumber should 
not overtighten it during installation. Be- 
cause the threads are shallow, and many 
of the securing nuts are made of alumin- 
- ium, overtightening can cause damage ; 
> to the basket strainer. In addition, over- Í 
tightening can cause the rubber gasket to 
- become deformed, thereby lessening its: 
<- sealing capabilities. : 
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~<— SNAP TAB 


BRASS LOCKING RING WITH 
EXTERNAL THREADS 


FLANGE 
| SHOWER BASE 


— 


Xe. SEALS WITH PUTTY OR CAULK 


~<— DRAIN BODY WITH EXTERNAL THREADS 


PIPE IS INSERTED INTO DRAIN BODY 
S4 O P-TRA 
INTERNAL THREADS SECURES Eas | 
DRAIN TO SHOWER BASE 


TIGHTENING NUT WITH 


PLAN VIEW 


BRASS LOCKING RING 


EXTERNAL THREADS 


TIGHTENING TOOL 


TIGHTENING TAB 
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NUT WITH WRENCH 
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TIGHTENING NUT 


INTERNAL THREADS 


FIGURE 7-33 A multi-piece shower drain is installed for a pre-molded shower base and a 


one-piece shower unit. 


LAUNDRY SINK BASKET 
STRAINERS 


Some laundry sinks are manufactured with a drain 
connection that, instead of a basket strainer, has a 
rubber stopper to allow the sink to be filled and 
drained. A basket strainer designed to connect 
the drain to a fixture that does not have a built- 
in drain connection is often called a junior basket 
strainer. It is so called because it is smaller than 
a kitchen sink basket strainer. The minimum-size 
drain codes allow to serve a laundry sink is 1-1/2”, 


so a junior basket strainer is typically available 
only in that size. The drain connection uses a 
1-1/2" flanged tailpiece in conjunction with a slip 
joint nut and washer, the same method used for a 
kitchen sink connection. 


Most good-quality laundry sink basket strain- 
ers have a removable strainer to stop objects from 
entering a drainage system. Because some codes 
allow a laundry sink to receive discharge from 
a washing machine, having a removable strainer 
to catch the lint discharging with the wastewa- 
ter is important. Laundry sinks are often used 
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REMOVABLE BASKET as utility sinks in garages and workshops, where 
it is also important to have a strainer installed. 
Figure 7-36 shows a common type of remov- 
able strainer. A strainer also has a rubber seal to 


et eee eee eerececerece ee eee eee eeeesreereereeeee, 


FLANGED i 


a connecting link can be purchased at 
most hardware stores to ensure that the 
user will not have to reach into the waste- 
water to drain the laundry sink. 


DRAIN PIPING FROM P-TRAP 


Courtesy of Dearborn Brass. 


FIGURE 7-34 Kitchen sink basket strainers 
are available in various depths and color F 
finishes. F a a a a aia a a cl 


eae PORTION : fi r 
7 eee rom experience... 
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VARIES s . ` i 
SEALED WITH - used to seal a laundry sink drain open- 
BASED ON PUTTY OR ', 
SPECIFIC q i 
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STRAINER WASHER CONNECT TO q 


. 
e’ 
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SIDE VIEW 


REMOVABLE STRAINER ELIMINATES SMALL OBJECTS AND 
FOOD PARTICLES FROM ENTERING DRAINAGE SYSTEM 
AND SNAPS INTO BASKET STRAINER BODY 


RUBBER PORTION ALLOWS 
A SINK TO HOLD WATER 


SINK BOWL 


BASKET STRAINER BODY 


SEALS WITH PUTTY OR CAULK 


ee 


~<—— EXTERNAL THREADS 
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RUBBER GASKET (WASHER) ——> ENN 
_—EEw_ < FIBER (CARDBOARD) TYPE GASKET 


SPACER (NOT PART OF MANY DESIGNS) 
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FIGURE 7-35 A kitchen sink basket strainer connects a drainage pipe to a kitchen sink. 
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Courtesy of Dearborn Brass. 
eee 
FIGURE 7-36 A laundry sink basket strainer is 


often called a junior basket strainer because it is 
smaller than a kitchen sink basket strainer. 


SINK BOWL SLOPES 
TOWARD DRAIN OPENING 


RUBBER GASKET IS INSTALLED 
OVER THREADED PORTION AND 
FROM UNDER THE SINK. 


SLIP JOINT NUT AND FLANGED TAILPIECE 
WASHER CONNECTS THE FLANGED 
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THREADS. 
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allow a laundry sink to retain water. Figure 7-37 
showsa laundry sink basket strainer and its relation 
to a sink bowl. 


BIDET DRAIN ASSEMBLIES 


A bidet drain assembly is similar to a lavatory PO 
assembly. A linkage assembly allows a user to con- 
trol the plunger with a lift rod located near the 
faucet. The drain assembly is sold with the fau- 
cet and matches its finish. Various styles of bi- 
det faucets are available, and the fixture must be 
compatible with the faucet. Because most bidet 
faucets do not have a spout, the lift rod is typi- 
cally installed in a designated hole in the fixture. 
The linkage assembly is hidden behind the bidet 
and remains accessible for adjustment and re- 
placement. Figure 7-38 illustrates a plan view of 
a typical bidet fixture showing the holes provided 
by a manufacturer. This bidet has a hygiene spray 
located in the bowl area, which requires that a 
vacuum breaker be installed to satisfy backflow 
regulations. Most bidets with a vacuum breaker 
have a dedicated hole in the fixture, but some are 
served with the backflow device installed within 


REMOVABLE STRAINER 
SEALS WITH PUTTY OR CAULK 


FLANGED TIGHTENING NUT 


EXTERNAL THREADS RECEIVE TIGHTENING 
NUT TO SECURE BASKET STRAINER TO SINK 
AND SEAL THE RUBBER GASKET CREATING 
A WATERTIGHT CONNECTION. THREADS ARE 
ALSO USED TO TIGHTEN SLIP JOINT NUT TO 
BASKET STRAINER 


FIGURE 7-37 A basket strainer connects a laundry sink to the drain. 
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PLAN VIEW the piping system. The illustration also shows 
the dedicated hole provided for the lift rod that 
operates the PO drain. Figure 7-39 shows a side 
view of a bidet drain assembly in relation to 
the fixture. 


VACUUM 
BREAKER 


LIFT ROD HOLE 
FAUCET 
HOLE (x 2) 


from experience... 


A bidet drain assembly can be difficult to 
access once the fixture is installed due to 
its proximity to a wall and adjacent toilet. 
A plumber typically installs the drain 
assembly before installing the bidet. 


DRAIN 
HOLE 


eoceceececerec cece eee ee eo eee ee eee eee eee 


HYGIENE SPRAY 
eee 


FIGURE 7-38 A bidet design may include a 
designated hole to install a lift rod to operate the 
pop-up drain located in the bidet bowl drain hole. 


SIDE VIEW 
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PLUNGER CONNECTS 


TO PLUNGER ROD ————* 
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FIGURE 7-39 A bidet drain assembly is similar to a lavatory pop-up 
assembly and uses a linkage assembly to operate the drain from above 
the fixture. 
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SUMMARY č — __ 


e Numerous faucet designs are available for the 
various plumbing fixtures. 


e A bathtub and shower faucet is usually installed 
during the rough-in phase of construction. 


e A bath waste and overflow (BW&O) is the 
drain assembly for a bathtub. 


e A lavatory faucet is typically sold with a pop- 
up (PO) drain assembly. 

e The spout on some kitchen sink faucets is also a 
pull-out spray. 

e A pull-out kitchen faucet requires a backflow 
prevention device. 


The metallic finish of a faucet is typically co- 
ordinated with other fixture trim finishes in a 
bathroom. 

A typical sink faucet is either a one- or two- 
handle design. 

A tub and shower faucet is a one-, two-, or 
three-handle design. 

Not all faucets are compatible with all sink 
designs. 

Kitchen sinks require a basket strainer to con- 
nect the p-trap to the sink opening. 

A bidet faucet and a drain assembly are sold 
based on the fixture design. 

Many bidets require a backflow prevention 
device. 
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GREEN CHECKLIST 


[_] Faucets are considered Green based 


on the gallons per minute flow rate. 


C] Lavatory faucets and showerheads 
are two primary focal points on 
conserving water. 


REVIEW QUESTIONS 


1. A kitchen faucet with a pull-out 
spray unit must be protected 
against 
a. Backflow of wastewater 
b. Low water pressure 
c. Vandalism 
d. Excessive use 


2. The two most common lavatory 
faucet handle designs are single 
handle and 


a. Three handle 
b. Two handle 
c. Four handle 
d. Push button 
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The true water saving aspect of a shower 
is based on the duration of each use. 


A handheld shower can be equipped with 
means to turn off the water flow for certain 
showering activities, such as lathering. 


Most handicap codes dictate that a 
shower must be equipped with a 


a. Massaging shower head 
b. Two-handle faucet 

c. Handheld shower unit 
d. Three-handle faucet 


Water flow is routed from a tub spout 
to a shower head by activating the 


a. Trip lever of a BW&O 

b. Diverter 

c. Hot and cold faucet handles 
d. Showerhead 


Most large-capacity tubs installed 
in a platform have a faucet that is 


a. Deck mounted 
b. Wall mounted 
c. Single handled 
d. Three handled 


Many three-piece lavatory faucets 
can be installed in a faucet hole 
spread of 4”, 6”, and 

a. 8” c. 12” 


b. 10” d. 3” 


. The drainage system serving a 


kitchen sink is connected to the 
fixture with a 


a. Lock nut 
b. Check valve 


c. Basket strainer 
d. Trap adapter 


10. 


11. 


12. 


13. 


14. 


CHAPTER 7 


A BW8.0 is the abbreviation for 
a. Black, white, and optional 

b. Bolt, washer, and o-ring 

c. Bath waste and outlet 

d. Bath waste, and overflow 


The minimum-size shower drain 
most codes dictate is 


a. 1-1/4" G2" 
b. 1-1/2" d. 3” 


The minimum size of a lavatory 
drain assembly is 


a. 1-1/4" 
b. 1-1/2” 


G2" 
d. 3” 


The minimum size of a kitchen sink 
basket strainer is 


a. 1-1/4" 
b. 1-1/2” 


E 2" 
d. 3” 


A basket strainer for a laundry sink 
is often called a 


a. Miniature basket strainer 
b. Standard basket strainer 
c. Junior basket strainer 
d. Jumbo basket strainer 


A bidet and lavatory drain is 
typically controlled with a 


a. Linkage style drain assembly 
b. Rubber stopper with a chain 
c. BW&O 

d. Electronic drain assembly 


Each shower faucet is sold with 
a wall escutcheon, shower 
arm, and 


a. Basic showerhead 
b. Tub spout 

c. BW&O 

d. Lever-type handles 


15. 


16. 


17. 


18. 


19. 


20. 
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A three-piece shower drain is 
required when installing a 


a. Pre-molded shower base 
b. Shower pan liner 

c. Three-piece shower unit 
d. One-piece shower unit 


A kitchen faucet is compatible with 
a. Only certain types of kitchen sinks 
b. All types of kitchen sinks 

c. Lavatory sinks 

d. All types of sinks 


A standard laundry sink faucet 
typically has a 


a. 4” hole spread 
b. 6” hole spread 


c. 8” hole spread 
d. 3” hole spread 


A backflow prevention device 
must be installed when a faucet 
outlet is located below 


a. The soap dispenser 

b. The top of the faucet handles 

c. The approved air gap allowance 
d. The handheld spray head 


The middle handle of a three- 
handle tub and shower faucet is a 


a. Warm-water regulator 

b. Flow regulator 

c. Pressure-balancing regulator 
d. Diverter 


A removable strainer in a basket 
strainer keeps objects from 
entering the drain and also 


a. Allows a sink to be filled with water 


b. Seals water from leaking around 
the flange 


c. Serves as a bathtub drain 


d. Keeps water from backing up into 
the sink 
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WHAT'S WRONG WITH THIS PICTURE? 


Review Figure 7—40 and identify the code violation. Consider all possibilities. 


WRONG 


FIGURE 7-40 A hose bibb can be a point of entry for contaminants into the drink- 

ing water system. A hose end submerged in a trash can, pail, or any other source of non- 
potable water could act as a straw if the building water pressure became negative. The 
sudden use of a fire hydrant or a break in a water pipe could cause negative water pres- 
sure in a home or entire neighborhood. This could cause water to flow out of a home and 
into the city water system. 


RIGHT 


h 


FIGURE 7-41 This photograph shows a vacuum breaker threaded over the hose outlet. 
Notice that the hose is connected to the vacuum breaker and not directly to the bibb as in 
Figure 7—40. 
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Plumbing Equioment 
and Appliances 


e explain the differences in water heater designs. e explain the variations in equipment connections. 


e understand the basic principles of heating water. e correctly order plumbing equipment. 
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anode rod a device installed 
in a water heater to protect the 
inside of a storage tank from 
corrosion 


burner the main flame assembly 
that externally heats water in a 
gas water heater 


collector heats water in a solar 
water-heating system; also called 
a panel 


element an electrical heating 
device that internally heats water 
in an electric water heater 


expansion tank a device 
installed in a cold water piping 
system to absorb the expansion 
caused by heating water 


flue the entire pipe system 
exhausting fumes from a gas 
water heater 
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GLOSSARY OF TERMS 


high limit a safety device on 
all water heaters to protect from 
overheating water 


instantaneous a water heater 
that does not use a storage tank; 
may also be called tankless 


pilot flame of a gas water 
heater that ignites gas entering a 
burner assembly 


point-of-use water heater 
a small-capacity water heater 
installed close to the fixture 
utilizing the water heater 


pressure-relief valve a 
reactionary device to protect a 
water heater against excessive 
pressure 


tankless a water heater 

that does not store water in a 
storage tank; may also be called 
instantaneous 


terminal a point where an 
electrical wire is connected to a 
device; also referred to as post 


thermocouple a heat-sensing 
device to ensure that a gas water 
heater pilot flame is ignited 


thermostat a regulating device 
to control the temperature of a 
water heater 
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CHAPTER 8 


esidential homes use plumbing 

equipment and appliances that 

connect to the water distribution 
and drainage systems. This chapter dis- 
cusses plumbing equipment and how to de- 
termine specific types and variations. Some 
pieces of equipment, such as water heaters, 
are required by codes for every home; others 
are preferred by homebuilders or homeown- 
ers. Some appliances also require plumbing 
systems. Garbage disposals, dishwashers, 
washing machines, and refrigerator icemak- 


ers are some examples. 


Energy efficiency of appliances and 
equipment has been a major focal point in 
the Green movement. The United States 
Environmental Protection Agency (EPA) 
identifies appliances and equipment that 
reduce greenhouse gas emissions and other 
pollutants caused by inefficient energy usage. 
Manufacturers can apply for what is known 
as an “Energy Star Label” for their prod- 
ucts. The EPA dictates criteria for receiving 
this rating and periodically updates them to 
adjust to technological advancements that 


allow for more energy-efficient items. 
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APPLIANCE 
CONNECTIONS 


Appliances are a vital part of a functioning res- 
idential dwelling, and some of these appliances 
are connected to plumbing systems. A plumber 
installs the water piping and drainage piping for 
several appliances. For some, the plumber installs 
the piping systems during the rough-in phase of 
construction, so that others can complete the 
final connection. Other appliances do not require 
any special piping but are installed by a plumber 
during the trim-out phase of construction. 
Table 8-1 lists appliances served by plumbing sys- 
tems and the systems provided by a plumber for 
each of them. 


GARBAGE DISPOSERS 


A garbage disposer is also known as a food waste 
disposer or a garbage disposal. This very simple 
appliance has been popular for decades. It is con- 
nected to a kitchen sink where the basket strainer 
would normally be installed. A garbage disposer 
is a motorized appliance that is activated manu- 
ally with electrical current. Food waste is inserted 
into the garbage disposer, and, once the electrical 
supply energizes the motor, an internal rotating 
flywheel shreds food waste, which is discharged 
into the drainage system with water from the 
kitchen sink. The horsepower (hp) of the motor 
determines the capabilities of the garbage dis- 
poser; the greater the hp, the more capable the 
unit is for shredding food waste. The most com- 
mon hp sizes for residential applications range 
from 1/3 to 3/4. Figure 8-1 shows a standard res- 
idential garbage disposer. 


TABLE 8-1 Appliances Requiring Plumbing 
Connections 


Appliance Hot Cold Drain 
Garbage disposal No No Yes 
Dishwasher Yes No Yes 
Washing machine Yes Yes Yes 


Icemaker No Yes No 
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FOOD WASTE ENTRY gasket, which also serves to reduce noise. The dis- 
charge outlet has a 90° flanged tailpiece that is con- 
nected to the p-trap under the sink. The sink flange 

TNE is available in a variety of colors and finishes to 
ASSENBIY match the color or finish of the sink or faucet. A 
standard garbage disposer is sold with a stainless 
steel sink flange. Figure 8-2 shows a side view of a 
residential garbage disposer. Figure 8-3 shows sev- 
eral sink flanges and stopper colors and finishes. 
Figure 8—4 shows a multi-piece mounting assembly 
similar to the one in Figure 8-2. Figure 8-5 shows 
a dual-purpose rubber gasket that seals the disposer 
to the mounting assembly and also reduces the noise 
created by the food-shredding operation. 


<——— SHREDDING 
CHAMBER 


et ee eee eeeeree reece sees eevee eseeeeeesee, 


from experience... 


The drain connection to a disposer with a 
90° tailpiece has a specifically designed 
rubber washer, which is not used in all 


«— ELECTRIC MOTOR 


disposers. 
Badger 5 Courtesy of InSinkErator. if ol < 
FIGURE 8-1 A garbage disposer is a motorized Most garbage disposers receive discharge from 
food waste appliance connected to a kitchen sink. dishwashers. A designated dishwasher connection 


is located on the side of a disposer, and a plumber 
must remove a knock-out plug to connect these two 
appliances. The knock-out plug is removed from the 
disposer with a hammer and chisel before the dis- 
poser is installed. In many dishwashers, one end of 
the discharge hose is compatible with the connection 
to the garbage disposer. If a hose end is not compat- 
ible with the garbage disposer, a rubber drain con- 
nector known as a boot is used for the connection. 
A rubber dishwasher boot requires that a small piece 
of copper be inserted into the boot and the dish- 
rR OTE E NEET washer hose, and then all connections are sealed 
atl with hose clamps. Figure 8-6 shows a dishwasher 
boot with several types of hose clamps. Attempt- 
ing to shred too much food or to shred items not in- 


from experience... 


A competitively priced stainless steel 
kitchen sink may vibrate excessively if the 
horse power of the garbage disposer is 
too great. 


A plumber installs a garbage disposer onto tended for a disposer can cause the disposer to stop 
a kitchen sink with a specially designed mount- rotating (jam). A specially designed tool is provided 
ing assembly that is unique to each manufacturer. with most garbage disposers, which the plumber 
This multi-piece assembly consists of a sink flange should give to the customer. The tool is inserted into 
that is inserted and sealed into the sink drain outlet a compatible socket located under the electric motor 
where a basket strainer would normally be installed. portion of the disposer and manually rotated. This 
A plumber completes the watertight connection also rotates the motor shaft and flywheel portions to 
from the underside of the sink. The disposer is con- free the jammed garbage disposer. Figure 8-7 shows 


nected to the mounting assembly with a rubber a garbage disposer tool and its use. 
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FIGURE 8-2 A garbage disposer is connected to a kitchen sink and discharges food waste into the drainage 


system. Itis also capable of receiving discharge from a dishwasher. 
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<A SMALL PIECE OF 1/2" 
COPPER TUBE IS INSERTED 
INTO THE BOOT AND 
CLAMPED IN PLACE. MANY 
© g TYPES OF DISHWASHER 
4 HOSE ARE PLACED OVER 
3 COPPER TUBE AND 
SECURED WITH A CLAMP. 
MANY NEW DISHWASHERS 
HAVE A DISHWASHER 
BOOT IS PLACED CONNECTOR ON THE END 
OVER DESIGNATED OF THE HOSE, WHICH 
DISHWASHER DRAIN ELIMINATES THE USE OF A 


(A) 


——. 
CBD = D GARBAGE DISPOSER 
AND SECURED WITH 
A STAINLESS STEEL 
rt p j G&D HOSE CLAMP 
(B) Courtesy of InSinkErator. 


Courtesy of InSinkErator. 


FIGURE 8-6 A rubber connector “boot” is installed 
to connect a dishwasher hose to a garbage disposer. 


FIGURE 8-3 Sink flanges are offered in a variety of 
colors and finishes that match the sink color or finish. 


eceso osooooooooocoooooooooooooocooo’oo ‘odl, 


from experience... 


Most codes do not allow a plumber to 
connect the electrical wiring to a garbage 
disposer. Never connect any wiring to an 
appliance without proper training and 


E SINK FLANGE 


—— >< BACKUP 


COLLAR 


x————. SCREWS (x3) 


<«——— MOUNTING 


COLLAR A à : 
without possessing the required electrical 
Quick-Lock Sink Mount Courtesy of InSinkErator. li cense 
SSS r 
FIGURE 8-4 A multi-piece mounting assembly P aR acai 
connects a garbage disposer to a sink. a 


For many years, a home with a septic tank sys- 
tem could not use a garbage disposer due to the 
negative effects created by food particles settling 


DEAFENS NOISE 
CREATED BY THE 
SHREDDING ACTION 
AND MINIMIZES 
SPLASH INTO SINK 
BOWL FROM DISPOSAL 


GASKET IS 
PLACED OVER 

THE GARBAGE 
DISPOSER FLANGE 


Courtesy of InSinkErator. 
A) 
FIGURE 8-5 A rubber gasket creates a watertight seal 
and silences the shredding noise of a garbage disposer. 
D eT 


on the bottom of the septic tank. Now biodegrad- 
able solutions can be added to a septic tank to 
stimulate the decomposition of food waste within 
the septic tank. If the biodegradable solution is not 
added, the food waste will settle and have to be 
removed by a septic tank cleaning company. Some 
manufacturers make garbage disposers that in- 
ject small amounts of biodegradable solution with 
each use. The solution is also good for the overall 
health of the septic tank, because it breaks down 
soaps, grease, and other waste items. Figure 8-8 
shows a garbage disposer designed for use with a 
septic system. 
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ANGLED TO PROVIDE ABILITY 
1 TO ROTATE THE TOOL BY HAND 


S 
<x BOTH ENDS 
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TOOL ARE 
THE SAME 


CS 


iii 


(A) 


MANUALLY 
ROTATE THE 
TOOL TO FREE 
ANY OBSTRUCTIONS 
CAUSING A JAM 
WITHIN THE DISPOSER. 


(B) 


Jam Buster Wrench Courtesy of InSinkErator. 


FIGURE 8-7 An angled tool is shipped with most 
garbage disposers and used to manually rotate the 
motor shaft in case the unit becomes jammed. 


: from experience... 


Some septic tank systems cannot receive 

: discharge from a garbage disposer. 

:  Aplumber must know whether the system 
can handle food waste and whether local 
codes allow the discharge of food waste 
into a septic tank system. 


8 
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Septic Disposer Courtesy of InSinkErator. 
SS es SSS] 


FIGURE 8-8 Special types of garbage disposers 
are installed for homes using a septic tank system. 


DISHWASHERS 


A plumber installs a dishwasher during the trim-out 
phase of construction, usually when installing the 
sink and garbage disposer. The homebuilder or ho- 
meowner typically provides the dishwasher, and the 
delivery should coincide with the sink installation to 
increase productivity. Most dishwashers installed in a 
residential home are adjacent to the kitchen sink and 
located under the countertop. Figure 8-9 shows a 
dishwasher located within the cabinetry of a kitchen. 


eeoeeeeceo ere eee eo eee eee eee eee eee eee eee ey, 


from experience... 


The color of the dishwasher is coordi- 
nated with other items in the kitchen and 
matches other appliances. 


A dishwasher receives hot water from the same 
water source that serves the kitchen sink. The drain 
hose from the dishwasher is routed to the garbage 
disposer or to a tailpiece designed for that purpose. 
Many codes dictate that a dishwasher drain hose be 
routed through an air gap device so wastewater does 
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not flow from the sink into the dishwasher. Back- 
flow is a concern because the water connection to 
the dishwasher is below the flood level rim of the 
sink. The drain hose connection to the dishwasher 
is installed by the manufacturer, and the plumber 
routes the drain hose to the sink area. The water 
supply piping is typically 3/8” OD tubing routed 
from the sink area to the connection point under the 
dishwasher. The drain hose is routed through a hole 
drilled by a plumber into the side of the sink base 
cabinet. Figure 8-10 shows a dishwasher in relation 
to the plumbing systems serving a sink. 


oni . eoecee eee cee eee eee eee eee eee eee eee 


from experience... 


Courtesy of InSinkErator (GE Appliance). : A licensed electrician connects the elec- 
> trical wiring to a dishwasher. A plumber d 
: should never complete this task without 


FIGURE 8-9 A typical residential dishwasher 
is installed adjacent to a kitchen sink and into a 


designated space under a countertop. : being properly Tal and without pos- | 
[ae SSeS . sessing an electrical license. . 
IF LOCAL CODE DICTATES AN AIR GAP FAUCET HOLES 


DEVICE IS INSTALLED, THE DEVICE IS 
INSTALLED IN THE HOLE OF A SINK 


S 
HOLE DRILLED = 
FOR DRAIN 

HOSE 


SINK BASE CABINET 


DISHWASHER 
SLIDES IN 


FIGURE 8-10 A plumber typically installs a dishwasher during the same phase of 
construction as the sink installation. 
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WASHING MACHINE BOX 


A plumber does not install a washing machine 
but does provide the water and drain for it dur- 
ing the rough-in phase of construction. A wash- 
ing machine box provides hot water, cold water, 
and a drain connection in one central location. 
A typical residential box is manufactured with a 
hub to receive 2” plastic pipe, because most codes 
dictate that the minimum-size drain that can serve 
a washing machine is 2”. Most codes also dictate 
that the smallest water supply that can serve a 
washing machine is 1/2” (5/8” OD). The type of 
valve used to isolate the washing machine varies, 


BOX HAS A WALL TRIM INSTALLED 
AFTER WALL FINISH IS COMPLETE 


NAILED OR 
SCREWED 


COLD WATER 


HOT WATER 


TO P-TRAP 


(A) 
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but a boiler drain and a ball valve are the most 
common valves. The washing machine box is in- 
stalled between two vertical wall studs. Because 
most residential boxes are made of plastic, they 
might not be allowable in multi-family dwellings. 
Plastic materials cannot be used in certain types 
of fire-rated walls; most codes dictate that metal 
washing machine boxes be used instead. A sepa- 
rate wall trim is usually sold with the rough-in 
box. It must be stored in a secure place until it is 
needed during the trim-out phase of construction. 
Figure 8-11 illustrates a typical residential wash- 
ing machine box and its relation to the piping sys- 
tems and wood structure. 


MOUNTING 
TAB (x4) 


SECTION VIEW 


INSTALLED FLUSH WITH 
FINISHED WALL 


MOUNTING TAB 
ROUGH-IN BOX 


DRAIN 


COLD WATER CONNECTION 
CONNECTION 
1/2" DRYWALL 
BOARD 
WALL STUD 
FLOOR 


| 


(B) 


R) 
FIGURE 8-11 A washing machine box is installed during the rough-in phase of construction. 
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NAIL OR SCREW 


ICEMAKER BOX AND 
WASHING MACHINE BOX 
HAVE LONG AND SHORT 
MOUNTING TABS 


BOX HAS A WALL TRIM INSTALLED 
AFTER WALL FINISH IS COMPLETE 


COLD WATER f 


NAIL TAB (x4) 


1/4" COMPRESSION 
CONNECTION 


FIGURE 8-12 An icemaker box is installed behind a refrigerator to supply potable 
water to an icemaker. 


from experience... 


A plastic washing machine box can be 
wrapped with drywall or other flame 
retardant materials to increase its fire 
rating, if local codes allow. 


ete eeeeerece eer eceerece reese ere eee eee ee ® 
. 


ICEMAKER BOX 


Most newer residential refrigerators are equipped 
with an icemaker and water dispenser. A plumber 
routes the cold water piping to the refrigerator 
area and installs an icemaker box at the termina- 
tion point. The box is installed near the floor be- 
tween two vertical wood studs during the rough-in 
phase of construction. Most residential icemaker 
boxes are made of plastic, but metal ones are also 
available for use in fire-rated walls. A plumber in- 
stalls 1/2” pipe to the icemaker box and connects 
the piping to the angle valve provided with the 
box. The outlet of the angle valve has a 1/4” OD 
compression connection to allow the compatible 
tubing of the refrigerator to be connected with the 
icemaker valve. Separate wall trim sold with the 
rough-in box must be stored in a secure place until 


it is required during the trim-out phase of con- 
struction. Figure 8-12 shows a typical icemaker 
box located between two vertical studs. 


from experience... 


If an icemaker box is not used, a 1/4” OD 
water supply is typically routed from 
under the kitchen sink to behind the 
refrigerator. 


RESIDENTIAL 
WATER HEATERS 


Less demand is placed on residential water heat- 
ers than on commercial water heaters. Most res- 
idential water heaters have a storage tank that 
is heated by either electricity or gas. An adjust- 
able thermostat senses the water temperature 
and controls the heating cycle. Once the cold wa- 
ter is heated to a desired temperature, the heat- 
ing source automatically shuts off. When the 
thermostat senses that the water temperature is 
below the desired temperature, the heating source 
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automatically begins the heating cycle again. 
Many homeowners are now purchasing tankless 
water heaters, which may also be known as in- 
stantaneous water heaters. With a renewed fo- 
cus on energy efficiency and building Green 
homes, tankless water heaters are more popu- 
lar today than ever before. With a tankless wa- 
ter heater, a hot water faucet is opened and the 
water is heated as it flows through the heater. 
A point-of-use instantaneous water heater, which 
is more common in commercial applications, 
typically serves a single low-flow fixture, such 
as a lavatory sink. Water heaters are available in 
various heights, diameters, and gallon capacities. 
Most residential tank-type water heaters are of- 
fered in three basic sizes. The most common one 
has a 40 or 50 gallon storage-tank capacity. The 
height and diameter of a water heater varies with 
the gallon capacity. Most manufacturers offer a 
tall, a standard, and a short version of residential 
water heater. The short version is called a low- 
boy, and the tall one, which is a slim version for 
use in tight spaces, is simply called tall. You must 
specify low-boy or tall when you order a water 
heater. If you do not, you will receive a standard 
size for the gallon capacity you order. The system 
should be filled with water, and all trapped air 
should be removed before activating the gas or 
electricity. Table 8-2 lists the types of heaters dis- 
cussed in this chapter. 


: from experience... 


The residential water heater capacity 
needed is based on the total number and 
types of fixtures installed in a home. 


TABLE 8-2 Types of Residential Water Heater 


Type Gas Electric 
Tankless Yes Yes 
Storage tank Yes Yes 
Under counter No Yes 
Atmospheric Yes N/A* 
vented 

Direct vented Yes N/A* 
Flame arrestor Yes N/A* 


*N/A: Non-applicable 
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Green Tip 


Heating water stored in a tank is one of the 
- most inefficient aspects of a home. Even : 
with energy-saving water heaters, maintain- 
ing a mass of water for future use is consid- 
ered wasted energy. Solar and tankless water : 
heaters are more energy efficient. Warming : 
the incoming cold water lowers the tempera- : 
: ture rise requirement of the tank-type heaters. : 
In large-demand situations or inefficient 
solar regions of the United States, using 
: tankless or solar heaters to warm the : 
incoming cold water of a tank-type heater 
can save energy. 


GAS WATER HEATERS 


Natural gas and propane are the two types of gases 
used for heating water. In rural areas, where natu- 
ral gas is not provided by a municipal gas com- 
pany, a liquid petroleum gas called propane is 
used. A water heater designed for natural gas can- 
not be used with propane because the internal gas- 
regulating orifice is different for each gas type, but 
many gas regulators (or gas valves) can be con- 
verted by a certified technician. A plumber should 
never attempt this procedure without possessing 
the required certification. Atmospheric-vented wa- 
ter heaters are the most common for residential 
applications. They must terminate in specific lo- 
cations through a roof, so the water heater must 
be placed accordingly. The exhaust fumes from a 
gas water heater contain carbon monoxide, which 
can enter the occupied space of a home if the vent 
termination is improperly installed. A direct-vent 
design allows the gas water heater to be installed 
in a more desirable location close to an exterior 
wall. The direct vent terminates through an exte- 
rior wall, and, like the atmospheric vent design, it 
cannot be placed close to any opening into an oc- 
cupied space. 


This chapter focuses on the types of water 
heaters and their variations. Storage-tank gas wa- 
ter heaters are the most popular because of their 
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availability and cost. Tankless gas water heaters are 
becoming more popular and less expensive today 
than in the past. A less-common gas water heater 
is a power-vent type, which forces the exhaust 
from the water heater to the exterior of the house. 
If electricity is disconnected from a power-vented 
water heater, it cannot operate. Gas water heaters 
have minimum clearances that they can be installed 
from combustible materials. These clearances are 
listed on the side of every gas water heater ona . 


from experience... 


A typical residential gas water heater is 
capable of producing more hot water per 
hour than most residential electric water 
heaters. 


label known as a boiler plate. Other information -*** 


pertaining to the specific water heater is also listed. 
Figure 8-13 shows several common tank-type gas 
water heaters for residential homes and a typical 
boiler plate. 
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Specific information pertaining to the type of water heater will be listed here. 


Courtesy of State Water Heaters. 
aS] 
FIGURE 8-13 Gas water heaters are available in a 


wide variety of types for different installation locations. 
—— | 


Gas water heaters are rated by the gallons of 
hot water they can produce. A British thermal unit 
(BTU) is used to measure heat. The BTU rating is 
one thing to consider when ordering a gas water 
heater. One BTU is the amount of heat required to 
raise the temperature of one pound of water by one 
degree Fahrenheit (F). One gallon of water weighs 
8.33 pounds, and 8.33 BTUs are needed to raise the 
temperature of one gallon of water one degree F. 
A specific length of time is used to determine the ca- 
pabilities of a gas water heater; gallons per hour (gph) 
is the one used most often. Figure 8-14 illustrates the 
basic theory of heating water based on a BTU. 


~<— THERMOMETER 


1 DEGREE 
FAHRENHEIT 


1 POUND 
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1 HOUR 
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RAISE THE WATER IN 
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1 GALLON 
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THE HIGHER THE BTU 
RATING OF A WATER 
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IT HEATS THIS POT 
OF WATER 


8.33 BTUs 


FIGURE 8-14 A British thermal unit is used to 
measure heat. In a gas water heater, it is used to 
determine the length of time it takes to heat one 

gallon of water one degree Fahrenheit. 
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from experience... 


The incoming cold water replacing 

the hot water from a water heater is 
calculated by the weight per gallon when 
determining the heating capability of 

the water heater. 


Temperature rise is the difference between the 
temperature of the incoming cold water and the 
outgoing water temperature expected from the wa- 
ter heater. If the water entering a water heater is 50 
degrees F and the thermostat is set at 120 degrees F, 
the temperature rise is 70 degrees F. Temperature 
rise determines the capabilities of a gas water heater 
with a certain BTU rating. Figure 8-15 illustrates 
the temperature rise of a water heater. 


Selecting a gas water heater based on its capa- 
bilities requires manufacturer’s data. Each man- 
ufacturer provides charts showing how many 
gph a specific model of gas water heater can pro- 
duce based on its BTU rating. A common error a 
plumber makes when first using a chart is to go by 
the first-hour listing in the chart. The first-hour list- 
ing indicates only how many gallons a gas water 
heater can heat when no water is being removed. 
The recovery rate is the most important element in 
determining whether a specific water heater is suit- 
able for a specific home. Because cold water is en- 
tering at the same time the hot water is exiting, the 
water in the tank is being cooled. The chart will 
typically list the first-hour capabilities and several 


TABLE 8-3 Gas Water Heater Selection* 


Model Number 
1234 
2345 
3456 
4567 
5678 
6789 


*Values are examples and are not real 


No Flow 
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FIGURE 8-15 Temperature rise is the difference 
between the incoming water and the outgoing water 
in a water heater. 


other temperature rise capabilities. The lower the 
temperature rise, the more gallons of hot water a 
water heater can produce in a specific time frame. 
Table 8-3 is a sample chart indicating a model 
number, the BTU rating, and the gph for several 
temperature rise situations. 


et tee eee ee reer eee sree eee eee e eee ereeeeee, 


from experience... 


If the temperature rise is not known when 
sizing a water heater, sizing calculations 
typically use 100° temperature rise. 


eocecerececeeceeecece 
Se eee eeececeeeee 


Gallons per Hour 


Temperature Rise 


First Hour 90° 


60 45 
vhs) 60 
80 65 
85 70 
95 80 
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The two connection options for the cold water 
piping on a storage-tank water heater are either on 
the top or at the bottom side of the heater. These wa- 
ter heaters are recognized as top fed or bottom fed. 
A bottom-fed water heater needs a vacuum-relief 
valve to prevent backflow of water from the heater 
into the cold water piping. Most residential storage- 
tank water heaters have both the hot and cold water 
pipe connections on the top of the heater. A manu- 
facturer-installed device known as a dip tube in the 
cold water connection of a top-fed water heater 
routes the incoming cold water to the bottom of the 
heater. Without a dip tube, the incoming cold water 
would mix with the hot water at the top of the wa- 
ter heater. With it, the hottest water will always rise 
to the top of the storage tank, and the coldest water 
will remain in the bottom of the tank. Figure 8-16 
illustrates the natural separation of water based on 
temperature, and how a dip tube routes the incom- 
ing water to the bottom of the tank. 


ot Fee eee ee eee reece eee sree eee e eee eee e see, 


from experience... 


A dip tube is typically a thin-wall clear 
plastic tube with a flared end to keep 
it from falling into the water heater 
storage tank. 


2 ete eeeeeececececeecece ee ee eee ere eee eee ee * 
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Say | 
FIGURE 8-16 Cold water is routed to the bottom of 


a storage tank with a dip tube, and the hottest water 
rises to the top. 


Every gas water heater must have a vent that 
terminates to open air to exhaust the carbon mon- 
oxide fumes created by heating the water. Car- 
bon monoxide fumes are odorless and can kill the 
occupants of a home. Conventional water heat- 
ers are vented atmospherically and must have ad- 
equate space around the heater for the fumes to 
be exhausted to the exterior. If there is not enough 
space, the exhaust fumes could enter the occupied 
area. The flames in the burner assembly heat the 
water in a storage tank. The fumes rise through a 
pipe in the center of the tank with a spiral baffle 
that is inserted at the factory. The pipe is known 
as a baffle tube, but many other trade names are 
also used. The sheet-metal vent pipe, known as a 
flue pipe, is connected to a draft hood and routed 
to a safe termination point above the roof. Many 
codes require plumbers to have a heating and ven- 
tilation license to install the flue pipe. Figure 8-17 
shows a typical residential atmospheric-vented wa- 
ter heater. Figure 8-18 illustrates the water heater’s 
drafting process. 
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FIGURE 8-17 A conventional gas water heater 

is a natural draft venting design that relies on atmo- 
spheric conditions to function properly. 
[EES] 
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Courtesy of State Water Heaters. 
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FIGURE 8-18 An atmospheric-vented water heater relies on inside air to aid in 
evacuating fumes. 
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: from experience... } 
-The size of a flue pipe connection to a draft : 
: hood is dictated by the water heater de- : 
: sign and determined by the manufacturer. 


: Based on local codes, the contractor deter- : 
- mines whether a larger flue pipe might be 


> needed on a particular installation. | wer 


eoeeecec cece eee eee eee eee eee reese ece * 


A gas regulator is an automated device that 
controls the gas flow to a burner assembly. The gas 
supply pipe is connected to the gas regulator, whose 
design is based on safety. Most codes do not al- 
low anyone to disassemble a gas regulator for re- 
pair who is not certified to repair it. A residential 
gas regulator has two water temperature-sensing 
probes that are immersed in the water. One probe 
senses the low water temperature; the other senses 
the high water temperature. When the water is 
cooler than the desired temperature, the gas regula- 
tor allows gas to flow to the burner assembly. When 
the water reaches the desired temperature, the reg- 
ulator closes internally to stop the flow of gas to 
the burner assembly. If a malfunction occurs and 
the high-temperature probe senses excessively hot 
water, the regulator will close the gas supply to the 
burner assembly. 


The regulator also controls the gas flow to a 
pilot flame, which then ignites the burner flame so 
the heating cycle can begin. A safety device known 
as a thermocouple has two distinct ends. One end is 
connected to the gas regulator, and the other has a 
sensing probe that is immersed in the pilot flame. The 
sensing probe lets the regulator know that a pilot 
flame is present so gas sent to the burner assembly 
will be ignited by the pilot flame. If the thermocouple 
does not sense a pilot flame, the regulator remains in 
the closed position and does not send any gas to the 
burner assembly. A red, manual-override button is de- 
pressed to allow gas to flow through the pilot tube to 
light a pilot flame. The button remains depressed for 
at least one minute after lighting the pilot flame, so 
the thermocouple can sense the heat of the flame. The 
thermocouple then keeps the gas port open when the 
override button is no longer depressed, which keeps 
the gas flowing through the pilot tube. Figure 8-19 
illustrates a gas regulator, and Figure 8-20 shows a 
burner assembly for a residential water heater. 


: from experience... 


A residential gas regulator is different 
- from a commercial gas regulator because: 
- the temperature-sensing and-regulating 

features are an integral part of its design. 
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FIGURE 8-19 A residential water heater gas 
regulator controls the gas flow to a burner assembly 
and senses the high and low temperature of the 
water within a storage tank. 
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~<—__ PILOT FLAME 


BURNER FLAME HEATS 
BOTTOM OF TANK 


BURNER 
ASSEMBLY 


FIGURE 8-20 A burner assembly heats the external bottom of a 


storage tank. 


A direct-vent gas water heater is vented through 
an exterior wall rather than the roof. This is a very 
popular design because the water heater can be 
installed in the first floor garage of a two-story 
house, and the flue pipe can be easily installed. 
In a direct-vent water heater, the flue pipe is in- 
serted into a fresh-air intake pipe. This ensures that 
enough air is available for combustion and the evac- 
uation of fumes. Unlike an atmospheric-vented wa- 
ter heater, a direct-vent water heater does not have 
a draft hood. The connection of the fresh-air intake 
and the flue pipe to the top of the water heater is 
sealed. The distance from a wall to a direct-vent 
water heater is dictated by the manufacturer, based 
on which water heater is installed. Extension kits 
allow the heater to be located farther from the ex- 
terior wall, but typically not more than 1’ from the 
side of the heater to the exterior wall. The termina- 
tion through the wall is strictly regulated and can- 
not be too close to doors, windows, and gas meters. 
Carbon monoxide could enter the occupied space 
through a window or door, and gas fumes from a 
leaking gas meter could enter the fresh-air intake. 
Figure 8-21 illustrates a direct-vent water heater. 


from experience... 


A direct-vent water heater has a sealed 
access panel and does not use inside air 
as a source of combustion. 


ett eeeeeeeeec ee eee see reese e eee ee eee * 


July 1, 2003, marked the beginning of a three- 
phase transition period for a residential gas water 
heater design known as Flammable Vapor Ignition 
Resistant (FVIR). The use of a flame arrestor was 
mandated for certain water heaters to minimize the 
possibility of an explosion when flammable liquids 
are stored in the same space as a gas water heater. 
This design uses a filtering media to minimize if 
not eliminate fumes from stored materials, such as 
gasoline, from entering the burner assembly area. 
Figure 8-22 shows the unique features of a flame 
arrestor design. 
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FIGURE 8-21 A direct-vent heater uses outside air to aid in evacuating fumes 


to provide combustion air. 


from experience... 


A flame arrestor does not ensure a safe 
environment for storing flammable 
liquids near a water heater; it only 
minimizes the risk. 


TANKLESS WATER HEATERS 


A tankless heater design, which may also be known 
as an instantaneous water heater, is suitable for 
many residential applications. Most tankless heaters 
use gas, but electric ones are also available. They are 
more popular today as designs have improved, con- 
sumers are seeking more energy efficient water heat- 
ers, and there are cost savings from not maintaining 
a storage tank of heated water. Tankless heaters are 
more expensive than tank-type water heaters, but 


the cost savings over several years may outweigh 
the initial cost of installation. The most cost effec- 
tive installation is when a home is being built, as a 
remodel installation may require additional water 
and gas piping routed to a code-dictated installa- 
tion location of the tankless heater. Water flow is 
regulated to ensure that the desired temperature 
leaves the heater. Water flows through a coil that 
is heated by the burner, and, if the water flows too 
fast through the coil, it will not be heated to the 
desired temperature. Two or more tankless heaters 
can be installed in a piping configuration known as 
a series. In a series configuration, one heater pre- 
heats the water and then routes it to the cold water 
pipe of another heater to be heated to the desired 
temperature. This process lowers the temperature 
rise of each heater. The water does not have to re- 
main in the coil for longer time, so more gph are 
produced. The two basic types of tankless gas wa- 
ter heaters are Interior or Exterior, defining the in- 
stallation location as inside or outside the home. 
Interior installations require venting of the flue gas 
to the exterior, similar to a conventional-vented gas 
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FIGURE 8-22 A flame arrestor design minimizes 
the risk of explosion when flammable liquids are 
stored near a water heater. 
| 


water heater or a direct-vent type. Exterior installa- 
tions typically do not need additional flue vent pip- 
ing, but depending on the climate, they may require 
freeze protection for the water piping. Tankless gas 
water heaters require electricity to ignite the burner 
gas. Figure 8-23 illustrates a coil design for heating 


COLD WATER INLET ——>- 


TEMPERATURE SENSOR 


AND FLOW REGULATOR B 


HOT WATER TO FIXTURES <—— 
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water in a tankless water heater. Figure 8-24 shows 
interior and exterior installation comparisons. The 
units are not interchangeable and must be specifi- 
cally purchased for interior or exterior installa- 
tions. Local codes will dictate exact requirements 
pertaining to clearances and installation practices. 


ett e eee eree rere eee e reer eee reece eee eee eeey, 


from experience... 


A tankless water heater can be a 
reliable source of adequate hot water, 
but the flow rate is diminished if it is 
improperly sized. 


eeceeecer ees ee soe 
Secor reece e eee eee 


Green Tip l 
Tankless water heaters are considered Green 
because they do not store heated water for 
future use. They heat water only on demand. 


e@eeeeeeceeeeceeec eo ec eee eee eee ewe ee eee ee el o) 


eoceveceseee eee * 


eeeeeeseeeeeo, 


ELECTRIC WATER HEATERS 


Electric water heaters are more common than gas 
water heaters because they can be installed any- 
where in a home. They do not require venting or 
gas piping and are less expensive to purchase. 
The negative aspect of an electric water heater is 


WARM WATER 


A A i il A A A | | ~— BURNER FLAMES 
FROM GAS REGULATOR ———>- 


FIGURE 8-23 Gas tankless water heaters have a coil that is heated by a burner. The water 
flow is regulated to remain in the coil until it is heated to a desired temperature. 
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FIGURE 8-24 Tankless gas water can be installed 
inside or outside a home. Interior flue pipes vent to 
outside either through wall or through roof. 


that the operating cost is greater than that of a gas 
water heater. Residential electric water heaters are 
offered in a variety of sizes and are not as heavy 
as gas water heaters. Water is heated by a heating 
element, and the flow of electrical current is regu- 
lated by a safety device known as a high limit. The 
temperature setting is manually adjusted. The most 
common residential electric water heater has two 
thermostats and two elements. Unlike the immersed 
thermostat on a gas water heater, the thermostats 
on an electric water heater are in contact with the 
external portion of the storage tank. They are sur- 
face-mounted thermostats. Figure 8-25 shows the 
exterior appearance and different sizes of residential 
electric water heaters. 


Ce 


from experience... 


An electric water heater is typically a better 
selection than gas if the installation location 
is limited to the middle portions of a home. 


A standard residential electric water heater 
is classified as a 240-volt, 4500-watt, non- 
simultaneous water heater. The heat of an electric 
water heater is measured in wattage of a heating el- 
ement rather than BTU rating. One thousand watts 
is one kilowatt (kW), and 1 kW equals 3412 BTUs. 
This conversion process is used to compare the two 
energy sources, so the correct-size water heater can 
be installed when converting to a different type. 
A 4500-watt element is also a 4.5-kW element, and, 


ACCESS FOR 
TOP CONTROLS 


c~ HOT AND COLD WATER 


YY CONNECTIONS 


m 
2 1 


eL PRESSURE- AND 
TEMPERATURE- 
RELIEF VALVE 


& 


BOILER DRAIN 
ACCESS FOR 
LOWER CONTROLS 


Courtesy of State Water Heaters. 


FIGURE 8-25 Various sizes of electric water heat- 
ers are available. 


when 4.5 is multiplied by 3412, it indicates that the 
4500-watt element is also a 15,354 BTU element. 
This electric heater provides fewer BTUs than most 
residential gas water heaters and is a leading reason 
why a gas water heater provides more hot water than 
a 4500-watt electric water heater. Figure 8-26 illus- 
trates the basic conversion from wattage to BTUs. 


from experience... 


The average residential new-construction 
plumber might not be required to size 

a water heater, but knowing the sizing 
process is crucial for advancement in a 
plumbing career. 


ete eeeeeeeeeeeseeeseeeee sees eseeee ® 
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MULTIPLIED 
BY 3412 —~> 
EQUALS 


FIGURE 8-26 One thousand watts equal one kilowatt, and one kilowatt equals 


3412 BTUs. 


There are various wattage ratings of heating ele- 
ments. The higher the wattage rating, the faster the el- 
ement can heat water. The length of time the element 
takes to heat water in an electric water heater is re- 
ferred to as the recovery rate. In a non-simultaneous 
operation, two elements are immersed in the water 
of a storage tank, but only one element is heating at 
a time. The two elements and two thermostats are re- 
ferred to as upper and lower because of their physi- 
cal location on the exterior of the tank. Three wires 
are routed by a licensed electrician from the circuit 
breaker panel to the water heater. The ground wire 
is green; because it is not energized, it can be a bare 
copper wire. The other two wires are often referred 
to as line voltage one (L1) and line voltage two (L2) 
(Fig. 8-27). Each serves a particular purpose and 
both work together to provide the 240 volts needed 
for an element to operate. L1 and L2 are connected 
separately to the high-limit device, which is a safety 
device that interrupts electrical current if an unsafe 
condition is present. The high-limit device has a red 
manual reset button and is typically combined with 
the upper thermostat as a single device. The electrical 
current from L2 is internally routed (relayed) through 
the high-limit switch to a terminal (post) identified 
on the high-limit device as #4. Because there are two 
heating elements, two wires are routed from the #4 
post of the high-limit switch. One is designated for 
each element; both are energized with 120 volts. These 
two wires provide a constant 120 volts to each ele- 
ment and wait for L1 to provide the other 120 volts, 
so a heating cycle can begin. 


If the high-limit device does not sense any unsafe 
conditions, L1 is internally relayed to the #2 post of 
the high-limit device, which has an external metal 
connector (jumper) that routes L1 externally to the 
#1 post of the upper thermostat. At this point, L1 
is internally routed either to the #2 post of the up- 
per thermostat, which energizes the upper element, 
or to the #4 post of the upper thermostat. Its rout- 
ing depends on the internal water temperature of 
the storage tank. When the internal routing is to the 
#4 post of the upper thermostat, the #1 post of the 
lower thermostat is energized. Because cold water 
is routed to the bottom of the tank through the dip 


tube, the lower thermostat senses the difference in 
water temperature when hot water is used and reacts 
by internally routing L1 to the #2 post of the lower 
thermostat. This energizes the lower element with 
the additional 120 volts required for the heating ele- 
ment to operate. If hot water is withdrawn from the 
tank faster than the rate that lower element can re- 
cover, the upper thermostat senses the lowering of 
water temperature near the top of the tank. 


When the upper thermostat senses this difference in 
water temperature, the L1 voltage is internally relayed 
from the #4 post of the upper thermostat, thereby re- 
moving L1 from the lower thermostat and routing it 
back to the #2 post of the upper thermostat, which is 
routed to the upper element. This energizes the upper 
element with 240 volts to begin its heating cycle. When 
the upper element completes its heating cycle, the up- 
per thermostat senses the increased water temperature 
and relays the electrical current back to the lower ther- 
mostat via the #4 post of the upper thermostat. L1 re- 
mains inactive at the #1 post of the lower thermostat 
until the water temperature decreases again. Figure 
8-27 shows a common wiring configuration of a 
240-volt, non-simultaneous residential electric water 
heater. Other variations also exist, so a plumber must 
review the exact wiring schematic for a particular wa- 
ter heater. This schematic is only an example and is not 
intended for use on a job site. 


CAUTION 


et eee eee eeceeec eee eee eeeeereeesreereereeeee, 


from experience... 


The thermostats, elements, and inter- 

nal wiring are installed at the factory. The 
electrical system and connection to the 
water heater is performed by an electrician. 


. 
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FIGURE 8-27 Most residential electric water heaters have a 240-volt, non- 
simultaneous operating configuration. 


A residential heating element is offered in 
various designs. The most common is a simple AN A NAENDA 
U-shape, which is screwed into a designated fe- s 
male threaded connection in the water heater from experience. Sar 
tank. A rubber washer is placed over the male The voltage and wattage ratings 
threads of an element before installing it into the : : 
of an element are listed on its 
exterior, so the wrong element is not 


tank. A socket-type tool tightens the element into 
the tank. Two connector screws (posts) secure the 


eoereeeeceeceeeeeee 
Seer eereeoeeceeceeeee 


wires to the element. The wires are not dedicated installed. 
to the screws, so either wire can connect to either . 
screw. Figure 8-28 illustrates a typical residential oo Ss 


heating element. . 
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FIGURE 8-28 A residential heating element is 
typically a 240-volt, 4500-watt type. 


Many homeowners are seeking ways to con- 
serve both energy and water. Using smaller elec- 
tric water heaters that serve certain fixtures has 
become a popular option. If a water heater is 
located too far away from a particular fixture, 
several gallons of water can be wasted wait- 
ing for the hot water to flow from a faucet. 
For every gallon of hot water that is wasted, an 
equal amount of cold water is entering the wa- 
ter heater and must be heated, which consumes 
electricity or gas. A small-capacity electric water 


heater can be installed under a countertop sink . 


to provide immediate hot water. Most small-ca- 
pacity water heaters store two to five gallons of 
water, which may not be enough. However, us- 
ing creative piping configurations, a small-ca- 
pacity water heater can provide immediate hot 
water flow from a faucet. By the time that hot 
water is used up, the hot water from the remote 
water heater has entered the small water heater. 
Figure 8-29 shows a small-capacity water heater 
that uses 120 volts and can be installed under a 
countertop sink. 


. . 


from experience... 


Most under-counter water heaters have 
an electrical plug that is compatible with 
a 120-volt receptacle, but local electrical 
codes may require a direct electrical 
connection to the water heater. 


ote eereeeeeeereseeeseeeeeseseesesee * 


Instantaneous electric water heaters are also a 
popular choice for conserving water. Most are con- 
sidered point-of-use water heaters. They are not de- 
signed to provide large volumes of water, but rather 
to serve low-volume fixtures such as lavatory sinks. 
They are available in 120 and 240 volts. Most of 
them are mounted on a wall and are very compact. 
Figure 8-30 shows a point-of-use instantaneous wa- 
ter heater located under a wall-hung lavatory sink 
and a view of the heater’s internal features. 
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FIGURE 8-29 Under-counter electric water heat- 


ers are used for remote sinks or other low-volume 
fixtures. 


Courtesy of Eemax. 


FIGURE 8-30 Point-of-use instantaneous electric 
water heaters are installed directly below a fixture. 
Internal wiring and component design are unique to 
each manufacturer. 
5 


from experience... 


The higher the voltage rating of an instan- 
taneous water heater, the more gpm of 
hot water it provides. 


ett eeeeeeeeeeeseeesee reese see secee ’ 
. 


Many point-of-use electric water heaters have 
special water outlets (dispensers) for preparing hot 
beverages. The dispensers are available in various 
designs and finishes to match existing kitchen faucet 
trim. Many office kitchenettes have used these dis- 
pensers for decades, and now many custom homes 
also include them in their kitchens. Figure 8-31 
shows several instantaneous hot water outlets for 
preparing hot beverages. 


et Fee eee eeree reer eee eee er eee eeeereeeeeey, 


from experience... 


A sink may have to be ordered with an 
additional hole to accommodate a hot 
water dispenser. 


SOLAR WATER 
HEATERS  _——— 


Heating water with solar energy is on the fore- 
front of going Green and the cleanest source of 
obtaining hot water. Solar water heating is pop- 
ular in many regions of the United States, but it 
has never fully replaced gas or electric water heat- 
ing throughout the country. The initial installation 
cost of a solar water-heating system may deter 
many homeowners; however, there are federal 
tax credits for installing alternate energy systems. 
Various solar water-heating designs are available, 
but the roof-mounted version is the most popular. 
The location and angle of the solar panel is im- 
portant for the optimal efficiency of the entire sys- 
tem. Most solar systems are connected directly to 
the gas or electric water-heating system to provide 
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FIGURE 8-31 Various styles of point-of-use water 
outlets are available and are popular for preparing 
hot beverages. 
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adequate hot water during non-solar heating peri- 
ods, such as during the night and on cloudy days. 
Because the solar collector (panel) is located away 
from the storage tank, a pump is needed to circu- 
late the water through the system. Unheated water 
enters the collector and remains there until it is 
heated to a desired temperature. A system control- 
ler made up of temperature sensors activates the 
pump to circulate the heated water to the storage 
tank. This process continues until all the water in 
the storage tank is heated. Figure 8-32 illustrates 
the basic concept of a solar water-heating system. 
Figure 8-33 shows a cut-away view of a solar 
collector. 


from experience... 


A solar water-heating system used for 
heating potable water must comply with 
all codes regulating the entire potable 
water system. 


ett eeeeeeeeecr eee ece eee e ere eee ee eee © 


The pump used to circulate potable hot water 
has a nylon, stainless steel, or bronze impeller to 
comply with code regulations. All water-heating 
systems must have safety features such as tem- 
perature- and pressure-relief valves and back- 
flow prevention devices. Water-heating systems 
in cold regions must have freeze protection de- 
vices and manual draining capability, such as a 
boiler drain. The system control will vary based 
on the complexity of the system. The system’s 
manufacturer will provide adequate information 
about purchasing compatible operating acces- 
sories. In addition, local codes will dictate any 
specific installation requirements. A mixing valve 
may be required to minimize the risk of scald- 
ing a user. If the solar water heating system can 
produce water temperatures greater than 120 
degrees Fahrenheit, a mixing valve would blend 
cold water with the hot water. This allows a user 
to adjust the maximum temperature being sup- 
plied to all faucets. Figure 8-34 shows a typical 
circulating pump for a small domestic hot water 
system. Figure 8-35 shows a solar water-heating 
system with typical control, safety, and operating 
features. 
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FIGURE 8-32 A solar collector absorbs sunlight, and heat is transferred from the collector to the water. 


from experience... 


Pumps are selected based on the system 
they serve. The height of a solar collector 
above the storage tank is a determining 

factor in selecting the correct pump. 
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FIGURE 8-33 A popular solar collector design uses a 
manifold and coil to heat the water quickly and evenly. 
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Courtesy of Sun Earth, Inc. 


FIGURE 8-34 A circulating pump moves water 
through a piping system. Low horsepower pumps are 
inexpensive to operate. 
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FIGURE 8-35 A complete solar water-heating system has a complex series of controls, safety 


devices, and isolating valves. 
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SYSTEM PROTECTION 


Every water-heating system must be protected 
against dangers that can occur when water is 
heated. During a heating cycle, water expands and 
can cause the pressure-relief valve to drip, which, 
in turn, can cause piping systems to leak. Expan- 
sion tanks are installed to absorb the expansion of 
a system. The connection from the piping system to 
the water heater can corrode, which is a cause for 
concern regarding the longevity of a water heater. 
Another concern is preventing rust from entering 
the piping system. An internal accessory known as 
an anode rod is installed by the manufacturer to 
protect the inside of the water heater corrosion. 


You have learned about electrolysis and the use 
of dielectric unions, temperature- and pressure-relief 
valves, and backflow prevention devices. Now we 
will focus on specific parts of water-heating sys- 
tems. For example, earthquake-prone regions of the 
United States require that securing straps and acces- 
sories be installed to protect the water heater and 
associated piping. 


LINED PIPE NIPPLES 


The pipe nipples on many water heaters are lined 
with a corrosion-resistant material such as PEX. 
The connection to copper pipe is still a dissimilar 
connection, so electrolysis protection is required, 
but the lining eliminates internal corrosion of the 
nipple. Corrosion of a pipe nipple allows rust to 
settle at the bottom of a storage tank; it can also 
enter the piping system. Rust can obstruct the flow 
of water in a faucet aerator, create abrasion within 
a piping system, and cause premature failure of 
valves and devices. If a water heater has female 
threaded connections, lined nipples can be ordered 
separately. A plumber must take precautions when 
connecting copper tube to a lined nipple. Heating 
the lining of the pipe nipple directly with a torch 
or connecting a fitting that has been soldered and 
not allowed to cool will melt the internal lining of 
the nipple. Figure 8-36 shows a lined pipe nipple 
that connects the piping system to a water heater. 


ANODE ROD 


The storage tank for a residential water heater is 
manufactured from carbon steel. Most residen- 
tial water heaters have glass linings to prevent the 


from experience... 


If pipe nipples are not included with a wa- 
ter heater and lined nipples are not avail- 
able, it is best to install brass nipples. The 
use of galvanized nipples is legal, but may 
corrode, and installing black steel nipples 
violates plumbing codes. 


ote eereeeeeeeeeseeeseeeeeseseeseecee * 


LINING PREVENTS CORROSION 


(A) 


GAS WATER HEATERS 
HAVE THE FLUE OPENING 
IN THE CENTER 


LINED PIPE 
NIPPLE 


COLD WATER 
WATER 


(B) 


Courtesy of State Water Heaters. 

Á— m.. CÜ y ——==—s| 
FIGURE 8-36 Most manufacturers line the pipe 
nipples that are connected to a water heater with 
non-corrosive materials. 
OCCUM) 
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carbon steel tank from corroding. This lining is 
a very thin coat of porcelain enamel designed to 
fill every internal crevice created during the man- 
ufacture of the tank. However, the shipping and 
handling process can cause small fractures in the 
glass lining. An anode rod is installed by the man- 
ufacturer to combat glass-lining imperfections or 
minor damage. The anode rod is a sacrificial mag- 
nesium-based device that dissolves (corrodes) over 
a period of time. As the magnesium dissolves, elec- . 
trons are created and are attracted to the exposed -* 
steel portions of the storage tank. Eventually, the 
anode rod dissolves to a point that it becomes inef- 
fective, resulting in the corrosion of the steel tank’s 
interior. Most manufacturer warrantees dictate 
that the tank must be drained at least annually and 
that the anode rod must be inspected. Homeown- 
ers rarely do this. Not following this requirement 
is the leading cause of premature failure of a water 
heater. If the water heater is more than five years 
old, it is likely that the anode rod is depleted and 
no longer protects the storage tank from corro- 
sion. The water quality, the amount of water used, 
the temperature of the water, and the condition of 
the glass lining are the major factors in the life ex- 
pectancy of an anode rod. The anode rod in most 
residential water heaters is in the top of the tank 
and is removable with a socket tool. Figure 8-37 
shows a typical anode rod. It compares the new 
one and the old one that is no longer effective. 


NEW 


HEX HEAD CAP 
=< RUBBER 


MALE THREADS WASHER 


SCREW INTO TANK 


MAGNESIUM-BASED —> 
ANODE ROD REMAINING 
PORTION OF i 


ANODE ROD 


INTERNAL ROD ————= BARE METAL 


ROD 


FIGURE 8-37 An anode rod is designed to dis- 
solve as it protects the storage tank from corrosion. 


Plumbing Equipment and Appliances 221 


from experience... 


Anode rods are not typically avail- 
able locally and might have to be spe- 
cially ordered from the water-heater 
manufacturer. 


ete eereeeeeeeeeeeeseeeeeseseeseecee * 


EXPANSION TANKS 


Most codes dictate that an expansion tank must be 
installed near a water heater to protect the piping 
system from the high pressure caused by a heating 
cycle. Many leaks in piping systems occur when no 
water is being used. Homeowners sometimes return 
from vacation to find that a leak has occurred and 
do not realize that, because the water heater has been 
heating while they were away, excessive pressure has 
built up within their piping system. A temperature- 
and pressure-relief valve is installed on every wa- 
ter heater. However, many leaks occur in a piping 
system when the pressure is less than the amount 
needed for the relief valve to perform its protective 
duties. Many water meters have a check valve, so 
water will not flow back into the municipal pota- 
ble water system. Those water meters create a closed 
system when no water is flowing, thereby leaving no 
room for the expansion of the heated water. Most 
residential water heaters use small expansion tanks, 
but many types and sizes are also available. Regard- 
less of size, all expansion tanks operate basically the 
same. Figure 8-38 shows a typical expansion tank. 


from experience... 


An expansion tank can prolong the life of 
a water heater and the piping system. 


An expansion tank for a potable hot water system 
has an internal rubber membrane called a bladder. 
Because water cannot be compressed, air is injected 
on one side of the bladder; water then enters and ex- 
its the expansion tank as the system pressures dic- 
tate. The air pressure in the expansion tank should be 
equal to the cold-water supply pressure of the system. 
It must be checked by a plumber before the water 
heater is put into service. If the incoming cold water is 
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AIR CHARGE INLET INTERNAL 
BLADDER WATER FLOW 


100% AIR 


1 EQUAL PRESSURE INCOMING PRESSURE 


WATER 
ENTERS AND 
COMPRESSES 
AIR 


WATER FLOW 
= 


PIPING CONNECTION 


Courtesy of State Water Heaters. WATER 
R] ENTERS AND 

} J ; COMPRESSES 
FIGURE 8-38 An expansion tank is a safety device AIR FURTHER 


that protects a hot water system from excessive pressure 
caused by the expansion of water during a heating cycle. 
eee 


EXCESSIVE PRESSURE 
EE 
FIGURE 8-39 An expansion tank 
receives water as a hot water system 
expands during a heating cycle and dis- 
charges water as the system returns to 


60 pounds per square inch (psi), then a plumber must normal pressure. 


make sure that the air pressure in the expansion tank 
is also 60 psi. When the heating cycle increases system 
pressure and causes water to enter the tank, the air is 
compressed within the expansion tank. By allowing P A EA PEATA NEENA 


for expansion, the piping system is not subjected to i fr om exp eri ence 


the pressures that would be caused by expansion. The 
expansion tank should be close to the water heater An expansion tank for a potable hot water 
and must be on the downstream side of a check valve. : i ; 

system is specifically designed for that pur- 
pose. A plumber must make sure that the 


It is installed in the cold-water piping system serving 
expansion tank is rated for potable water use. 


the water heater. Figure 8-39 illustrates the operat- 
ing features of an expansion tank serving a residential 
water heater. Figure 8—40 illustrates the typical loca- 

tion of the expansion tank in relation to the water Ne en eee, 
heater and piping configuration. A 
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ISOLATION VALVE 
CHECK VALVE 
(IF REQUIRED) \ 
HOT WATER COLD WATER 
WATER 
AIR 
EXPANSION TANK 


WATER HEATER — 
STORAGE TANK 


FIGURE 8-40 An expansion tank is installed in the cold water 
piping to a water heater and downstream of a check valve. 


SUMMAR e One British thermal unit (BTU) is the amount 

Y of heat required to raise the temperature of one 
a pound of water one degree F. 

e Washing machine installations typically have a 


specially designed wall box that houses the hot 
and cold water supply connections and a 2” drain. 


e Residential water heaters with a BTU rating of 
75,000 or less must have a flame arrestor design. 


e According to most codes, an expansion tank 


e An icemaker box is installed behind a refrigera- f : 
must be installed with every water heater. 


tor to provide a water supply connection. , a 
e An anode rod is a factory-installed sacrificial rod 


Sect eve Teta typically sted daring the designed to protect the inside of a storage tank. 


kitchen sink installation phase of construction. , 
e A thermocouple must sense a pilot flame before 


e A residential water heater is usually installed : 
allowing gas to flow through a gas regulator. 


during the trim-out phase of construction. =f i 
e The termination location of a gas water heater 


e Most residential electric water heaters are fie po stt elly iepulated by codes 


240-volt and non-simultaneous. , , 
e Tankless gas water heaters can be installed in- 


e A gas water heater has strict installation f . 
side or outside a home. 


locations. 
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GREEN CHECKLIST 


C] Energy Star Label indicates that the 
appliance or equipment is energy 
efficient. 

C] Tank-type water heaters are 

considered a waste of energy due 

to the mass of hot water being 
stored for future use. 


Tankless water heaters are 
considered Green because they 
heat water based only on demand. 


REVIEW QUESTIONS 


1. A dishwasher can be connected to a 
branch tailpiece or to a designated 
connector of a 


a. Garbage disposer 
b. Basket strainer 

c. P-trap 

d. Vent 
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Solar water heating uses a 
sustainable energy source, but 
may not be perfectly suitable as 
a primary source of hot water in 
colder climates. 


Solar water heaters can be used as 
a secondary source or to pre-heat 
water in colder climates. 


A typical residential washing 
machine box has a hot and cold 
water connection and a(n) 


a. Overflow hole 

b. Pop-up assembly 

c. Drain connection 
d. Warm water option 


A typical residential icemaker box 
is installed during the phase of 
construction known as the 


a. Trim-out phase 

b. Rough-in phase 

c. Appliance installation phase 
d. Underground phase 


A typical residential water heater 
expansion tank has an 


a. Internal bladder 

b. External water inlet 
c. Internal check valve 
d. Exterior bladder 
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5. Every gas water heater must have 11. An electric instantaneous water 
its exhaust flue pipe terminated heater has a 
a. Through the exterior wall a. Storage tank 
b. Through the roof b. Heating element 
c. To open air c. Ball valve 
d. Inside the room it occupies d. Gate valve 
6. To route incoming cold water to 12. Heated water from a solar 
the bottom of a hot-water storage collector (panel) is circulated with 
tank, a device is installed known as a. A flow regulator 
a. A dip tube b. Air pressure 
b. A funnel pipe c. Volume regulator 
c. An anode rod d. Pump 


d. A vacuum-relief valve 
13. A water-heater pipe nipple 


7. An electric water heater is heated designed to minimize corrosion is 
with one or more a. Lined 
a. Solar collectors (panels) b. Plastic 
b. Burner assemblies c. Black steel 
c. Elements d. Copper 


d. Regulators 
14. An anode rod installed in a water 


8. A British thermal unit (BTU) is used to heater to protect the internal steel 
a. Measure heat storage tank is designed to 
b. Heat water a. Be sacrificed 
c. Size a circulating pump b. Be permanent 
d. Capture heat c. Eliminate draining the tank 


d. Be reenergized 
9. Adirect-vent gas water heater is 


vented through the 15. One BTU will raise the 
a. Exterior wall temperature of one pound of 
b. Roof water 


a. 1 degree Fahrenheit 
b. 8.33 degrees Fahrenheit 
c. 10 degrees Fahrenheit 
10. A typical tankless gas water heater d. 83.3 degrees Fahrenheit 
has a 
a. Storage tank 
b. Coil design 
c. Heating element 
d. Ball valve 


c. Interior wall 
d. Crawlspace 
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16. A residential water heater gas 19. Every water heater must have a 

regulator (or gas valve) controls the thermostat and a 

flow of gas toa a. Check valve 

a. Thermocouple b. High-limit device 

b. Burner assembly c. Ball valve 

c. Flue pipe d. Flue pipe 

d. Chimney 

20. The carbon monoxide fumes 

17. Atypical residential electric water created by a gas water heater are 

heater design is a 240-volt deadly and 

a. Simultaneous type a. Odorless 

b. Non-simultaneous type b. Have a distinct odor 

c. Instantaneous type c. Have a distinct taste 

d. Three-phase type d. Have a distinct color 


18. A thermocouple senses the flame 
froma 


a. Burner assembly 
b. Pilot 

c. BTU 

d. Flue pipe 
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CHAPTER 


POLLED IPOD PIII PANAMA, 


blueprint Reading 


and Drafting 


e understand basic plumbing symbols and e create simple sketches of piping systems. 


abbreviations. 
e understand the different illustrated views of a 


e interpret basic residential architectural blueprints. piping system. 
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GLOSSARY OF TERMS 


drafting triangle a drafting plan view a view of a design sketch an illustration focusing 
tool used to illustrate straight or from the top; also known as a on a certain portion of an area or 
angled lines bird's-eye view piping system 
drawings blueprints riser diagram an isometric stud vertical board to erect 
view or a side view of a walls; 2” X 4” and 2” X 6” are 
isometric view a three- large portion or detailed the two most common sizes in 
dimensional view of a piping area of a piping system; residential construction 
system indicating the scope typically utilized to reflect 
of work several stories of tee a fitting that has three 
a building connections; offered in a variety 
joist a horizontal board to of sizes 
support a structure; floor and section view a view, usually 
ceiling joists are the two most detailed, of a design from the 
common types side; also known as a side view 
load-bearing wall describes side view a view of a design 
a wall that supports a portion of from the side; also known as a 
the structure above section view 
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CHAPTER 9 


ou have learned about the safe use 

of tools and equipment and how to 

order materials. Now we will discuss 
the installation of plumbing systems. Blue- 
print reading and drafting are valuable skills 
for interpreting and communicating designs 
on a construction site. Single-family resi- 
dential blueprints are not as comprehensive 
as multi-family and commercial blueprints, 
but a basic understanding of abbreviations 
and symbols is necessary for a plumber to 
progress in a plumbing career. A typical 
single-family residential blueprint shows the 
location of plumbing fixtures in relation to 
the structure. A plumber then routes piping 
systems based on particular job conditions. 
The fixture locations are part of the design 
intent. Plumbing codes and the types of fix- 
tures being installed also help determine the 
size and routes of piping systems. A resi- 
dential plumber must have thorough code 
knowledge and be able to use a blueprint 
for intent and layout purposes. However, a 
plumber arrives on a single-family residen- 
tial construction site when most or all of the 
framing is complete, which minimizes the 
need to use blueprints to install the piping 


systems. 
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PLUMBING SYMBOLS 


Symbols are used throughout the construction 
industry to illustrate devices, equipment, fixtures, 
piping systems, and other related items. Many proj- 
ects require engineers and architects to create new 
symbols relating to job conditions. Knowledge of 
common symbols is essential in reading blueprints, 
regardless of the type of construction. A residen- 
tial plumber is typically exposed only to common 
symbols relating to plumbing fixtures. Symbols 
are fairly standard, but architects may have vary- 
ing styles. Templates are used to manually illustrate 
symbols, but most architects use Computer Aided 
Drafting (CAD) programs. 


The following text discusses common blueprint 
symbols a plumber might be exposed to during a 
plumbing career. Understanding plumbing symbols 
allows a plumber to advance into multi-family and 
commercial plumbing employment without learn- 
ing it on a job site. It is important to recognize that 
the purpose of a training program is to help build 
a career with progressive opportunities—one that 
does not limit you to a single area of the plumbing 
industry. 


A piping system is illustrated from three differ- 
ent views. A plan view, also known as a bird’s-eye 
view, looks down onto a design. A side or section 
view illustrates a piping system or a portion of a 
design from the side. An isometric view is a three- 
dimensional illustration exposing large portions of 
a system. It is not a detailed view, but it shows the 
intent of the system, known as the scope of work. 


90° OFFSETS 


A 90° offset fitting is one of the most common 
fittings in the plumbing industry. A basic symbol 
with unique variations is used to illustrate the po- 
sition of a 90° offset that turns up and turns down. 
A side-view symbol for a 90° toward is the same 
as that for a plan-view 90° up. A side-view 90° 
away is illustrated like a plan-view down. A circle 
indicates a pipe that is either facing toward you 
or away from you. If a line that represents a pipe 
is connected to a circle, that symbol indicates that 
the 90° is facing toward you. If the line penetrates 
the circle, the 90° is away from you. Figure 9-1 
compares photographs of the actual piping offsets 
with the illustrated symbols for a plan-view 90° 
fitting down and up. 
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— O 


PLAN VIEW 90° UP 


Layout and Installation 


(A) 


> 


PLAN VIEW 90° DOWN 


(B) 


FIGURE 9-1 A 90° offset is one of the most 
common fittings in the plumbing trade. 


eoeeece eee eee eee eee ee eee eee eee eee eee ey, 


from experience... 


Think of the circle for a 90° up as 
being the same as looking inside 
a fitting or pipe with no visible 
obstruction. 


45° OFFSETS 


A 45° offset is useful in many piping situations. Most 
architects do not use the symbols for a 45° offset, but 
instead leave the piping details to the plumber at the 
job site. A detailed blueprint created by a contractor 
is known as a shop drawing. Its intended purpose is 
to create a more specific installation blueprint based 
on the design intent of the architect. There are 45° 
offset symbols to indicate three different piping con- 
figurations. A 45° up symbol is a full circle; for a 
45° down, the line representing the connecting pipe 
penetrates the circle. An inline 45° offset in a piping 
system is often used to offset over or under another 
pipe or building structure. The symbol illustrates the 
unique features of a 45° fitting. Figure 9-2 compares 
photographs of the actual piping offsets with the 
symbols for a plan-view 45° fitting down, up, and 
creating an inline offset. 


from experience... 


The line through the circle is an obvious 
sign that the fitting is turning down, but 
note the difference in the semicircle for 

the up and down positions. 


TEES 


Tees have three connecting pipes and are illustrated 
much like a 90° offset. A full circle with no line pen- 
etrating it represents a tee turning up on a plan view 
and a tee turning toward you on a side view. A con- 
tinuous line through a circle represents a tee turning 
down on a plan view and a tee away from you on 
a side view. Numerous piping configurations can be 
made with tees to achieve the design intent. Detailed 
illustrations are needed to indicate the exact pipe 
route, but understanding basic symbols is the first step 
in learning blueprint reading. Figure 9-3 compares 
photographs of the actual piping offsets with the illus- 
trated symbols for a plan-view tee down and up. 


from experience... 


A tee up and down is similar to a 90° 
symbol; the circles are the feature that 
determines the position. 
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Ch}— 


PLAN VIEW 45° UP 


~ 


A) 


Oc 


PLAN VIEW 45° DOWN 


(B) 


—H— 


PLAN VIEW 45° INLINE OFFSET UTILIZING TWO 45° FITTINGS 


(©) 


FIGURE 9-2 A 45° symbol indicates that half the 
fitting hub is visible on a plan view. 
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—C)— 


PLAN VIEW TEE UP 


(A) 2 


PLAN VIEW TEE DOWN 


(B) 


FIGURE 9-3 A tee has three pipes connecting into 
one fitting. 


PERPENDICULAR TEE 
CONFIGURATION 


A perpendicular tee configuration often connects 
a branch pipe to a main piping system. Two basic 
symbols indicate a branch pipe that is connected to 
the bottom or to the top of the main pipe. The same 
symbol that indicates a tee turning down represents a 
perpendicular branch that is connected to the bottom 
of the main pipe. When a perpendicular branch pipe 
is connected to the top of a main pipe, the 90° down 
symbol is visible and a line represents the main pipe, 
but the tee up is hidden. Figure 9—4 compares photo- 
graphs of the actual piping offsets with the illustrated 
symbols for perpendicular tee configurations. 
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Ba 


PLAN VIEW 90° DOWN CONNECTING WITH A TEE UP 


© 


| 
Rg 


PLAN VIEW TEE DOWN CONNECTING WITH A 90° UP 


(A) 


(B) 


FIGURE 9-4 A perpendicular fitting connection 
has symbols that could represent numerous piping 
configurations. 


from experience... 


Perpendicular is considered 90° from the 
: connecting pipe. Many design features 
can be hidden under this symbol, so fur- : 
ther investigation of the design intentis  : 
usually required. : 


P-TRAP 


The plan-view symbol for a p-trap is a combina- 
tion of a 90° up and a 90° down symbol. A p-trap 
is a U-shaped fitting that holds water and can be in- 
stalled in only one position, so only one symbol is 
required. Many p-trap designs can swivel. A varia- 
tion of the symbol illustrates that the inlet of the p- 
trap should be the offset from the outlet. Figure 9-5 
compares photographs of the actual p-traps with 
the symbols for p-trap configurations. 


—9-O 


P-TRAP 


(A) 


P-TRAP SWIVELED 


FIGURE 9-5 A p-trap symbol is a combination of 
90° offset symbols. 
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CHAPTER 9 


from experience... 


A p-trap symbol that appears to be swiv- 
eled often indicates that a dimension on 
a blueprint is not exact or that it can be 
field verified by a plumber. 


PIPING 


The types of piping systems in a residential plumb- 
ing system are limited compared with those in- 
stalled on a commercial and industrial job sites. 
The common residential systems include cold wa- 
ter, hot water, hot water return, drain, and vent 
systems. Stating that a symbol is used to identify 
piping can be misleading because the entire illus- 
trated piping system is identified by unique lines. 
Dots are inserted to break the solid lines represent- 
ing the three different water distribution piping 
systems. A vent is indicated by a continuous dot- 
ted line and a drain by a solid line. Using a solid 
line to identify other piping systems is acceptable. 
Inserting the type or the abbreviation for a partic- 
ular system is similar to inserting dots. Figure 9-6 


(A) DRAIN IS A SOLID LINE 


(E) HOT WATER RETURN HAS TRIPLE DOTS 


IRRIGATION 


(F) CUSTOMIZED SYMBOL 
E] 
FIGURE 9-6 Piping systems 
are illustrated to indicate the spe- 
cific type of system, or they can be 
customized. 
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illustrates the common piping systems pertaining 
to a residential plumbing system. 


from experience... 


Hot-water return systems are not 
common in single-family residential 
construction, but knowing the symbol 
is important. 


ett eeeereeceeerece rece ee reer eceereeeeee ® 


CAPS, REDUCERS, 
AND PLUGS 


A plumbing system is typically installed in phases, 
and a plumber must cap or plug a system to test 
for leaks. Cleanouts are installed in drainage sys- 
tems to provide access for clearing obstructions. 
A cleanout plug is illustrated in the same man- 
ner as plugs used for other purposes. A cleanout 
installed in a floor has a cover, and a circle with 
the abbreviation CO indicates that to a plumber. 
Some cleanout symbols may use abbreviations 
that specify the location of the cleanout, such as 
WCO for wall cleanout. A cap is typically a tem- 
porary item and may not be indicated by an archi- 
tect, but it is often illustrated on a shop drawing 
to ensure that it is ordered. A reducer is used to 
transition between two different pipe sizes and 
can be confused with a flow-direction arrow. 
When a symbol is used to indicate a reduction 
in pipe size, notification of the reduced pipe size 
is placed near the symbol. Figure 9-7 illustrates 
common symbols for a cap, reducer, and plug. 


et FeO eee ereeree reer reer eee eee eee reer eee, 


from experience... 


FCO is the abbreviation for floor cleanout 
used by many architects. ECO can repre- 
sent end cleanout or exterior cleanout; its 
physical location in a design indicates its 
abbreviated meaning. 


ott eeeeeeeeece eer es ee ee eee eee se eee ® 
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— 


(A) REDUCER 


(B) CAP 


(C) PLUG OR CLEANOUT 


— 0O co 


(D) PLAN VIEW FLOOR END CLEANOUT USING ABBREVIATION 


co 


— 0O 


(E) PLAN VIEW OF A MID-STREAM CLEANOUT USING ABBREVIATION 


=u 


(F) SIDE VIEW CLEANOUT USING A WYE FITTING 


h wo © 


(G) SIDE VIEW WALL CLEANOUT ILLUSTRATED IN TWO DIFFERENT VIEWS AND USING ABBREVIATION 


FIGURE 9-7 Cap, reducer, and plug symbols indicate specific installation 


instructions within a piping system. 


VALVES AND DEVICES 


Numerous symbols indicate types of valves within 
a system. Custom symbols or industry-standard 
symbols can be used to identify a valve. Some valve 
symbols indicate a handle, but the actual symbols 
used depend on the drafting style of an individual 
architect. Symbols and their meanings for a par- 
ticular job are listed by an architect on a blue- 
print page for a plumber’s review. Some symbols 
can actually indicate the type of connection given 
to a valve, such as threaded, flanged, or welded. 
A check-valve symbol is standard and must include 
an arrow indicating a direction of flow to make 
sure that it is installed correctly. Figure 9-8 illus- 
trates numerous valves and devices often found on 
a residential blueprint. 


from experience... 


The location of the RPZ abbreviation or 
symbol usually indicates the water service 
piping entering a building, or it can mean 
irrigation systems as well. 


FIXTURES 


Symbols identifying specific fixtures installed in a 
residential construction are basic. Variations may 
occur on a particular job, but the intent is easily 
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CHAPTER 9 


>< 


(A) GATE VALVE CAN BE ILLUSTRATED WITH OR WITHOUT HANDLE 


N 


B) CHECK VALVE 


m 


(C) WYE STRAINER 


1 


(D) BALL VALVE 


=, 


(E) HOSE BIBB 


(F) SIDE VIEW OF REDUCED PRESSURE ZONE 
VALVE (RPZ) LESS STRAINER AND VALVES 
EE 
FIGURE 9-8 Valve and device symbols indicate an 
installation location within a piping system. 


understood based on the location of the fixtures 
within a building. Symbols do not indicate the 
actual fixture but do illustrate the design in- 
tent. A variation on a sink symbol might indicate 
the number of bowls or the presence of a corner 
sink. A bathtub symbol will indicate the drain lo- 
cation, so a plumber knows where to install the 
rough-in piping and the correct tub to order. Three 
basic bathtub symbols are common. Most corner 
or garden style tubs are found in a master bath- 
room. A toilet symbol is typical for all jobs, and a 
bidet symbol is similar to a toilet symbol but with- 
out the indication of a toilet tank. A shower symbol 
has typically crossed lines indicating that the floor 
is sloped toward the drain. The drain is located 
in the center of the shower symbol, so a plumber 
needs to understand where to install the drain. 
The specific fixture, not the symbol, dictates the 
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drain location. The same sink symbols sometimes 
identify different types of sinks; only the size of the 
symbol might vary. If the same symbol is used to 
identify different types of fixtures, an abbreviation 
or other identifying mark must clarify the design 
intent. Figure 9-9 illustrates common residential 
plumbing fixtures and their unique symbols. 


from experience... 


Angle shower and bathtub symbols vary 
based on the corner of the room in which 
they are located. 


ote eeeeeececeee eee ec eee reer eeee see ee * 
. 


EQUIPMENT AND DRAINS 


Abbreviations indicate the design intent for plumb- 
ing equipment and drains, such as floor drains. 
A circle with WH is generally used as a water heater 
symbol. A garbage disposer may be identified with 
GD within the kitchen sink symbol, and, if a dou- 
ble bowl sink is used, the abbreviation is placed 
in the bowl where the disposer is to be installed. 
A floor drain symbol can be a simple circle or a 
circle placed inside a square and will be identified 
as FD, but many methods are also used. A dish- 
washer, washing machine, and dryer are shown as 
squares with their abbreviations to indicate their 
locations within a room. Figure 9-10 shows some 
common symbols and their abbreviations. 


et FP ee erereeeree reer sree eee rere eee eeeeeeey, 


from experience... 


Basement and garage floors are the most 
common areas for locating floor drains in 
residential homes. 


ABBREVIATIONS 


Abbreviations are required on blueprints to elimi- 
nate clutter within a design. Common abbreviations 
are industry standard, and unique abbreviations 
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(A) TOILET 


(i) (ac 


C) SINGLE BOWL AND DOUBLE BOWL KITCHEN SINK 


D) CORNER DOUBLE BOWL KITCHEN SINK 


0 


(E) BIDET 


x< 


(F) SHOWER 


x 


(G) CORNER SHOWER 


B) SINGLE BOWL AND DOUBLE BOWL COUNTER TOP LAVATORY 


(H) BATHTUB 


(1) GARDEN TUB OR WHIRLPOOL TUB 


(J) CORNER GARDEN TUB OR WHIRLPOOL TUB 


(K) LAUNDRY SINK 


(L) BAR SINK 


Å 


(M) SHOWER HEAD 


FIGURE 9-9 Plumbing fixtures are illustrated with unique symbols. 


often describe a specific system, item, or term. An 
abbreviation legend is created by an architect and 
listed on a blueprint page. Some abbreviations can 
describe several different items, so a plumber must 
not automatically assume without verification that 
the abbreviation stands for a particular item. WH 
can represent either water heater or wall hydrant, 
but their installation locations are different and are 
usually easily identified. As your career progresses, 


you will recognize common abbreviations and 
might not have to review a legend to interpret 
them. One of the first steps in reviewing a blueprint 
for the first time is to search for abbreviations and 
understand their meanings. You may have to inter- 
pret non-plumbing abbreviations when coordinat- 
ing your installations with other trades. Table 9—1 
lists abbreviations you might encounter during 
your career. 
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D 


(A) WATER HEATER 


® B 


(B) FLOOR DRAIN CAN BE ILLUSTRATED USING MANY DIFFERENT METHODS 


(C) DISHWASHER 


(D) SINGLE-BOWL KITCHEN SINK WITH GARBAGE DISPOSER 


FIGURE 9-10 Equipment and drains are identified using 
abbreviations within or adjacent to the symbol. 


TABLE 9-1 Common Plumbing-Related TABLE 9-1 (Continued) 


Abbreviations 
Abbreviation Stands for 


Abbreviation Stands for 


AWWA American Water Works 

ABS Acrylonitrile Butadiene Association 

ocne B&S Bell and Spigot 
ADA Americans with 

DARIE INE B to B or B-B Back to Back 
AFF Above Finished Floor Bw Building Drain 
AG Aboucicround BFP Backflow Preventer 
AGA American Gas Association BI Bidet 
AISI American Iron and Steel BUK Black 

Institute BM Bench Mark 
API American Petroleum Institute BOP Bottom of Pipe 
ASA American Standards BOT Bottom 

Association m 

: 7 BS Building Sewer 

ASME American Society of 

Mechanical Engineers BT Bathtub 
ASTM American Society for Testing BTU British Thermal Unit 

eane BV Ball Valve or Butterfly Valve 


AW Acid Waste or Branch Vent 
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TABLE 9-1 (Continued) 


Abbreviation 
C-H, 

C4H0 

$C 

€ 


CC 

COE CE 
EXE 
CxXCKE 
CtoF 
Cxi 
CxM 

CF or CU FT 
CFM 

CFS 

CHW 
CHWR 
CHWS 

Cl or C.l. 

Cl or CU IN 
CM 

CMU 

CO 


CO, 
COMP 
CP 


CPVC 


cs 

CV 

CV or CK V 
CY or CU YD 
CW 
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Stands for 

Acetylene 

Butane 

Celsius or Degrees Centigrade 


Centigrade or Hundred or 
Center 


Cubic Centimeter 
Center to Center 
Copper by Copper 
Copper by Copper by Copper 
Center to Face 

Copper by Female 
Copper by Male 

Cubic Foot/Feet 

Cubic Feet Per Minute 
Cubic Feet Per Second 
Chilled Water 

Chilled Water Return 
Chilled Water Supply 
Cast Iron 

Cubic Inch 

Centimeter 

Concrete Masonry Unit 


Cleanout or Carbon 
Monoxide 


Carbon Dioxide 
Compression or Companion 


Chrome Plated or Control 
Point 


Chlorinated Polyvinyl 
Chloride 


Cast Steel or Carbon Steel 
Circuit Vent 

Check Valve 

Cubic Yard 

Cold Water 

Diameter 

Degree 


Drinking Fountain 


TABLE 9-1 (Continued) 


Abbreviation 


DWV 

E to € or E-€ 
E to E or E-E 
ECO 

EWC 

EWH 

F to F or F-F 


Stands for 

Drainage Fixture Unit 
Double Hub 
Diameter 

Drain or Drainage 
Downspout 
Dishwasher 

Drawing 

Drainage, Waste, and Vent 
End to Center 

End to End 

End Cleanout 

Electric Water Cooler 
Electric Water Heater 
Face to Face 

Degrees Fahrenheit 
Floor Cleanout 


Floor Drain and Fixture 
Drain 


Finished Floor 
Figure 

Female Iron Pipe 
Flange 

Flanged 

Floor 

Full Port 

Feet Per Second 
Floor Sink 

Foot or Feet 
Footing or Fitting 
Fixture Unit 
Flush Valve 

Gas 

Gallon 
Galvanized 
Galvanized Iron 
Ground 


Gauge Pressure 


CHAPTER 9 


TABLE 9-1 (Continued) 


Abbreviation 
GPF 

GPH 

GPM 

GPS 

GV 

HB 


L or LGTH 


Stands for 

Gallons Per Flush 
Gallons Per Hour 
Gallons Per Minute 


Gallons Per Second 


Gate Valve 

Hose Bibb 

Heavy Duty or Hub Drain 
Mercury 

Height 

Heating Hot Water 
Heating Hot Water Return 
Heating Hot Water Supply 
Horizontal 


High Point or High Pressure 
or Horse Power 


Heating 

Heater 

Hot Water 

Hot Water Heater 
Hot Water Return 
Inside Diameter 
Invert Elevation 
Inch 

Increaser 

Invert 
International Plumbing Code 
Iron Pipe Size 
Indirect Waste 
Janitor Sink 
Kelvin 

Kilopound 
Kilogram 
Kilometer 

Knock Out 
Kitchen Sink 
Kilowatt 


Length 
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TABLE 9-1 (Continued) 


Abbreviation 
LAV 


NOM 


Stands for 

Lavatory 

Pound 

Left Hand 

Liquid 

Low Pressure 

Liquid Petroleum Gas 
Loop Vent or Low Voltage 
Light Weight 

Motor or Thousand 
Maintenance 
Malleable 

Material 

Maximum 
Mechanical 

Medium 
Manufacturing 
Manufacturer 
Manhole 

Malleable Iron or Mile 
Minimum 

Male Iron Pipe 
Miscellaneous 
Millimeter 

Mop Receptor 

Mop Sink 


Manufacturer's 
Standardization Society 


North 

Nitrogen 

Natural Gas 

Normally Closed 

Non Freeze Wall Hydrant 
No Hub 

Not In Contract 

Nipple 

Normally Open or Number 


Nominal 
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TABLE 9-1 (Continued) TABLE 9-1 (Continued) 


Abbreviation 


Stands for 


Abbreviation 


Stands for 


NPS National Pipe Size RL Roof Leader 
NTS Not To Scale RM Room 
O Offset RPM Revolutions Per Minute 
02 Oxygen RPS Revolutions Per Second 
OD Outside Diameter REZ Reduced Pressure Zone Valve 
OS&Y Outside Screw and Yoke RV Relief Vent or Relief Valve 
OZ Ounce RWL Rain Water Leader 
P&T Pressure and Temperature 5 Sink or Sewer 
PB Lead SA Shock Absorber 
PC Plumbing Contractor or SAN Sanitary 
Pre-Cast madi SCD ae 
PCF Pounds Per Cubic Foot SCHED E 
PE Plain End or Polyethylene SCM ee CEG 
PEX Saal Polyethylene SD So aA 
PI Pressure Indicator SEC T 
ES a Gauge Si Square Foot or Square Feet 
ce Seats SH Single Hub 
PLMG Plumbing SHR T 
PRES Pressure SHWR aes 
PRV Pressure-Reducing Valve SIN ecuerelncn 
PSF Pound Per Square Foot SK SPR one 
PSI Pounds Per Square Inch SM ENET 
PSIA e ae Inch sO Side Outlet 
PSIG Pounds Per Square Inch SP Soil Pipe 
Gauge SPEC Specifications 
PT Pint SQ Square 
PVC Polyvinyl Chloride SQ FT Square Foot 
QTY Quantity SQ IN Square Inch 
R Radius SQ YD Square Yard 
R&L Right and Left SS Stainless Steel or Sanitary 
RCP Reinforced Concrete Pipe a Stack or 
R Root tain STD Standard 
RED Reducing or Reducer STL ay 
Aa Root Hashing SUPT Superintendent 
pak Rough SV Stack Vent or Safety Valve or 
RH Right Hand Service Weight Pipe 
RI Rough-in SY Square Yard 
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TABLE 9-1 (Continued) 


Abbreviation Stands for 


T Travel 

T&P Temperature and Pressure 
TBM Temporary Bench Mark 
TD Trench Drain 

TEMP Temperature 

TG Temperature Gauge 
TH Thermostat (see TSTAT) 
THD Threaded 

THK Thick 

Tl Temperature Indicator 
TLT Toilet 

TOC Top of Concrete 

1P Trap Primer 

TSTAT Thermostat (see TH) 
TYP Typical 

UG Underground 

UH Unit Heater 

UL Underwriter’s Laboratories 
UNO Unless Noted Otherwise 
UR Urinal 

USS United States Standard 
V Volt or Vent or Valve 
VAC Vacuum 

VB Vacuum Breaker 

VCP Vitrified Clay Pipe 

VCT Vinyl Composite Tile 
VERT Vertical 

VIF Verify In Field 

VOL Volume 

VS Vent Stack 

VTR Vent Through Roof 

W Width 

W&D Washer and Dryer 

WB Washer Box 

WC Water Closet 
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TABLE 9-1 (Continued) 


Abbreviation Stands for 


WCO Wall Cleanout 

WH Wall Hydrant or Water Heater 

WI Wrought Iron 

WM Washing Machine or Water 
Meter 

WP Water Pump 

WS Waste Stack 

WSFU Water Supply Fixture Unit 

WWP Water Working Pressure 

XH Extra Heavy 

XHVY Extra Heavy 

XS Extra Strong 

XXH Double Extra Heavy 

XXS Double Extra Strong 

YD Yard 

YLW Yellow 

YR Year 


ARCHITECTURAL 
BLUEPRINTS 


An architectural blueprint is the master plan of an 
entire project. Single-family residential construction 
blueprints show the construction of the home but 
often do not show the piping systems. It is the re- 
sponsibility of a plumber to interpret the framing 
construction based on the architectural design in- 
tent. An architect provides a carpenter with detailed 
information to ensure that the structural load of 
the building is constructed as designed. The archi- 
tect provides numerous detailed views of areas that 
require clarification. The fixture locations and the 
direction of floor joists are the two areas of a de- 
sign a plumber focuses on initially when designing 
a pipe route. The drain terminations serving a toilet, 
shower, and bathtub are crucial and do not leave 
much room for error. It is not uncommon for a 
plumber to request a design change when the design 
of a portion of the building conflicts with the piping 
system. An architect may indicate that a fixture be 
installed in a certain location, but plumbing codes 
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might not allow a pipe route there. Conflicts with 
wood studs and joists are common, and a plumber 
can request that the joist or stud design be altered to 
accommodate the plumbing system. 


Architectural blueprints are illustrated on 
a small scale to represent a full-sized structure. 
Industry-standard scales are used; the most com- 
mon is that 1/4” represents one linear foot, but other 
scaling options are also used. An architect provides 
dimensions for the total length, width, and height 
of the building in feet and inches. A scale or scale 
ruler (see Figure 9-21) determines dimensions that 
are not provided by an architect. To avoid errors, it 
is usually not recommended to use a scale ruler to 
lay out exact dimensions. A plumber should coordi- 
nate unknown dimensions with a carpenter or some 
other person who is responsible for the location of 
walls. Doors, windows, and other fixed items dictate 
wall locations; plumbing fixtures are then installed 
to coordinate with wall positions. Any deviation 
from the original design intent impacts the installa- 
tion of other items in the house. 


A plan view of a single-family residential blue- 
print is known as a floor plan. This illustrated view 
indicates which floor of the building it represents. In 
addition, all blueprint pages have an alphabetical and 
numerical identification as well as a text description. 
For example, the first-floor blueprint might be identi- 
fied as A1, and the second-floor plan as A2. The ac- 
tual identification used depends on the project and 
the architect’s style. A floor plan includes major de- 
sign features such as stairs, doors, windows, plumb- 
ing fixtures, and dimensions. The floor plan may not 
show all dimensions of every interior wall or parti- 
tions. This is not a problem because the framing is 
typically complete before a plumber begins the instal- 
lation on a single-family home. Figure 9-11 shows a 
typical single-family residential floor plan. 


FIGURE 9-11 A floor plan provides dimensions to 
critical construction areas and illustrates major com- 
ponents of a design. 


et Fee eee eeeree eee e eee eee eeee sees eeeeeey, 


from experience... 


Plumbing blueprints are often indicated 
by the letter P, such as P1, P2, or P3; elec- 
trical is E, and heating is H. 


The location and direction of floor joists are 
indicated on a blueprint known as a foundation 
plan, but the joist directions are typically shown 
on all floor plans. Other contractors use this plan 
when they install the foundation of a building, and 
a plumber uses it to coordinate the pipe routes that 
serve fixtures. A plumber cannot simply drill holes 
or cut notches where desired because codes regu- 
late the size and location of holes and notches in 
wood boards. A plumber must often install piping 
in the same direction as a joist to provide a produc- 
tive pipe installation and minimize construction 
errors and code violations. Knowing abbrevia- 
tions pertaining to framing or general construction 
will increase your plumbing knowledge as well. 
The abbreviation OC means on center. It can de- 
scribe how far apart the joists are being installed. 
Floor joists are larger than wood studs; the most 
common sizes for a single-family residential home 
are 2” X 8” and 2” X 10”. The exact dimension of 
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EEN 


BACK FACIN: 
25-8" 


FOUNDATION PLAN 


Courtesy of PTEC-Clearwater-Architectural Drafting Department. 


FIGURE 9-12 A foundation plan indicates the locations of structural supports 


and the direction of floor joists. 


a wood board is different than the identified di- 
mension. For example, the actual dimension of 
a 2" X 4" board is 1-1/2” X 3-1/2". Figure 9-12 
shows a typical residential foundation plan. 


et Fee eee sree ese reece eee reece eee reer eee eey 


from experience... 


The location of underground plumb- 

ing pipes that will continue through the 
floors above should be coordinated with 
the direction of the floor joists to increase 
productivity and avoid drilling and notch- 
ing the joists. 


ote eeeeereee cece reece eee eee eee se eee * 


ARCHITECTURAL SYMBOLS 


There are numerous architectural symbols. 
A plumber should be familiar with relevant ones 
that show details within a blueprint. Review Figure 
9-13, and notice the circular symbols. A plumber 
must know two common symbols that will help find 
larger views of specific construction areas. A circle is 
segmented in half. An arrow on one side of the cir- 
cle indicates the view direction, and a tail indicates 
the scope of the view. The bottom half of the circle 
contains the blueprint page information, and the top 
half has the detail number to view once you are on 
the correct blueprint. The detailed illustration will 
have a circular symbol without an arrow or a tail 
to indicate that the detail you are viewing is the one 
referenced on another blueprint. The identifying let- 
ters and numbers within the circle are the same as 
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<< 
< 


DETAIL 1, DRAWING A4 


"m 


TAIL INDICATES TOTAL SCOPE OF THE VIEW 


TOP HALF OF CIRCLE INDICATES SECTION (SIDE) VIEW DETAIL NUMBER 


BOTTOM HALF OF CIRCLE INDICATES BLUEPRINT PAGE THAT THE 
SECTION (SIDE) VIEW DETAIL CAN BE REVIEWED 


we ARROW INDICATES DIRECTION OF VIEW 


SCOPE OF SECTION (SIDE) VIEW 


FIGURE 9-13 Detail symbols direct a plumber to a larger detailed view of a 


construction area. 


those on the blueprint page that the detail clarifies. 
Figure 9-13 shows two detail symbols to direct a 
plumber to a larger, detailed view of a construction 
area. Figure 9-14 illustrates various ways to indi- 
cate that a detailed area is available for review. 


from experience... 


Details are typically illustrated to scale 
and are identified by the detail symbol on 
the blueprint page. 


LETTER 
IDENTIFIES 
SECTION 


LETTER 
IDENTIFIES 
SECTION 


A 


SIMPLIFIED s ELABORATE \ 
SHEET NUMBER ae 
WHERE DRAWING 
OF SECTION 
OF SECTION IS 
SHOWN REFERENCE 
LINE 


FIGURE 9-14 Various methods indicate that a 
detailed view of an area is available for review. 


Ceiling joists and other framing elements are 
shown on a blueprint known as a roof-framing 
plan. A plumber installs vent pipes through a roof, 
attempting to make all vent penetrations where 
they are not visible from the front of the home. 
The roof is complete when the plumber installs 
the vent system in the attic, so the plumber does 
not use this plan often. The peaks and valleys of 
the roof, the distance of the roof trusses, and the 
direction of the trusses are indicated on a roof- 
framing plan. As with the foundation and floor 
plan, the roof-framing plan shows crucial dimen- 
sions. Most blueprints indicate the direction of 
North to orient you when reading a blueprint. 
Figure 9-15 is a typical residential roof-framing 
plan with a direction arrow indicating North 
abbreviated as N. 


from experience... 


A plumber should locate a vent-pipe pen- 
etration through a roof based on the saf- 
est installation of a roof flashing around 
the pipe. 


An elevation plan shows the exterior design of 
all sides of a building. The detailed information an 
architect provides varies by project. An elevation 
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Courtesy of PTEC-Clearwater-Architectural Drafting Department. 


FIGURE 9-15 A roof-framing plan illustrates the roof truss 
directions and peaks and valleys of a roof design. 


plan exposes the differences and similarities of all 
sides; which sides include brick or siding; and the 
location of doors, windows, chimney, and other fea- 
tures on each side of the home. Most elevation-plan 
blueprints indicate the finished ground (grade) level 
in relation to the finished floor (FF). Any indication 
of a finished grade is from mean sea level. If a nu- 
merical value of 101.50 feet is indicated as the fin- 
ished grade, it represents the height above the sea 
when the seawater is between high and low tide. 
Figure 9-16 is a typical residential elevation plan, 
and Figure 9-17 illustrates the height of a building 
above mean sea level. 


ot Fe eeeeeree eee eoee ese ee eeo eee ee eeo ee ee ee, 


from experience... 


An elevation plan is used for all areas of con- 
struction, not just for the exterior. A side-view 
illustration of a plumbing rough-in could also 
be called an elevation plan. 


ett eeeeeeeeece esses eee eee escee se eee ® 


Many detail symbols a plumber uses represent 
interior features such as kitchen cabinets. The lo- 
cation and dimensions of a sink or refrigerator are 
determined from the detailed drawings of a kitchen 
area. When the location of a specific detail is indi- 
cated on a plan view, an architect will often provide 
more detailed information about that area and use 
typical detail symbols to indicate that further infor- 
mation is available. Figure 9-18 shows a detailed 
view of a kitchen area. Within that detail, symbols 
(A and B) indicate that a side view of each portion 
of the cabinets is available. The wall cabinet widths 
are identified; for example, W20 is a 20” wide wall 
cabinet; B36 is a 36” base cabinet. 


from experience... 


A plumber does not install cabinets, but 
must coordinate the piping locations serv- 
ing a kitchen sink and an icemaker box. 


ote eeeeeee eee eer es ee eee ee eee se eee * 
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Courtesy of PTEC-Clearwater-Architectural Drafting Department. 


eee] ee 
FIGURE 9-16 An elevation plan illustrates side views of all sides of a building. 


A plumber often routes piping in an exterior the area of a window or door. The section view 
wall and must know the width of the wall and its includes detailed information for all contractors to 
relation to other parts of the exterior of the build- use in coordinating ceiling heights, exterior finishes, 
ing. A section view of an exterior wall is often in or window heights. A plumber needs to make sure 
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HIGH TIDE 
MEAN SEA LEVEL ————————— —- 
LOW TIDE 


FIGURE 9-17 Mean sea level is determined from the average water level 


between high and low tide. 


that a hose faucet does not conflict with a window 
sill or the height of the ceiling structure. A plumber 
must locate windows when installing underground 
piping to avoid turning up piping under a window. 
Exterior load-bearing walls have strict drilling regu- 
lations, so pipe might have to be relocated under the 
floor if the wall studs cannot be drilled to offset the 
pipe around the window. Figure 9-19 shows a sec- 
tional view of a window area. 


Ce soosooooocoosococoooooococooooocoo’oo‘o ‘l, 


from experience... 


Always review window and door locations 
during an underground piping phase of 
construction to avoid conflicts. 


A plumber installs underground piping serv- 
ing drains, sewers, and water piping. A founda- 
tion wall rests on a support structure known as 
a footing. A plumber might have to install pip- 
ing below the footing depth, so a detail of the 
footing might be needed to clarify the depth 
below the floor. A plumber might also need a 


footing detail to coordinate with other installa- 
tions, such as when a drain is needed to keep 
water from settling near the footing area. This is 
known as a French Drain. Figure 9-20 shows a 
footing detail with information that a plumber 
could use. 


: from experience... ) 
- Architectural blueprints typically have : 
footing details to provide accurate infor- —: 
mation on the footing. A home with a 


-basement requires more foundation work 
: than that with a crawl space. Í 


A plumber must know what finished products 
will be used for floors, ceilings, and walls to coor- 
dinate the installation of piping during the rough-in 
phase with the fixtures the piping serves. During the 
rough-in phase, the floor of a residential house is typ- 
ically plywood, known as the subfloor. If the finished 
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ELEVATION (a) 


Courtesy of PTEC-Clearwater-Architectural Drafting Department. 


FIGURE 9-18 Details illustrate a specific area of construction such as kitchen cabinets. 


floor will be tiled, the plumber must install the piping 
serving the toilet to accommodate the tile. Therefore, 
a plumber must know what the finished floor height 
above the plywood subfloor will be. The wall finish 
in a residential house is typically 1/2” drywall with ei- 
ther paint or wallpaper. If tile is used, a plumber must 
install piping to accommodate the wall finish. An ar- 
chitect provides a room finish schedule indicating the 
finishes to be used in each room. Table 9-2 is an ex- 
ample of a room finish schedule. 


DRAFTING 


Reading blueprints means interpreting a de- 
sign; drafting is a way to communicate a de- 
sign. A plumber on a residential project typically 


installs plumbing systems based on a visual in- 
spection of the job. Making a simple sketch on 
paper or even on a piece of cardboard box to 
indicate the design intent is a form of drafting. 
More formal presentation of the design intent 
is done on drafting paper with special draft- 
ing tools. To clearly illustrate a design, a per- 
son needs basic drafting skills and the ability to 
communicate the design effectively. A plan view 
illustrates piping systems that relate to other 
areas of construction such as walls or fixtures. 
A section or side view shows installations such 
as fixture rough-ins to indicate elevations of wa- 
ter and drain pipes above a floor or the distance 
from a wall or other piping. An isometric view 
is extremely useful when a piping system has 
numerous offsets and the design intent requires 
clarification. Having a knowledge of drafting 
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Courtesy of PTEC-Clearwater-Architectural Drafting Department. 


FIGURE 9-19 Window details are an area of con- 
struction that requires a detailed view. 


tools helps one in creating clear and precise 
sketches. A correctly illustrated sketch elimi- 
nates communication errors and creates a pro- 
ductive job site. 
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WATERPROOF 
COATING 
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COVER 
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e U MIN] 
FIGURE 9-20 Installation of certain aspects of 
construction can be clarified with a detail. 


DRAFTING TOOLS č 


Drafting tools are specialty items that can be pur- 
chased at an office supply store. A plumber does not 
need expensive drafting tools to create sketches on a 
job site. If the sketches are to be distributed to other 
employees, contractors, or an architect, drafting 
tools should be used to create professional-looking 
sketches. Many tools can be used to create sketches 
and blueprints; as your drafting skills increase, 
you will be able to draw more effective freehand 
sketches on job sites. Drafting tables and boards 
provide flat surfaces on which drafting paper can be 
held in place with specially designed drafting tape. 


SCALE RULERS 


A scale ruler is used to determine the dimensions 
of a blueprint, but it also contains a standard 12” 
ruler. The two different types are architectural and 
engineering scale rulers. A plumber working with 
blueprints for the interior of a building uses an ar- 
chitectural scale. If the work area is located on the 
exterior of the building, such as in a parking lot, an 
engineering scale ruler is used. A typical architec- 
tural scale ruler is 13” long, 1” wide, and triangular 
in shape. The scaling options range from 3/32” to 
1” representing one linear foot on a blueprint. The 
smaller the scale, the more feet it can represent on a 
blueprint. The two most common scales for plumb- 
ing blueprints are 1/8” and 1/4”. Two scaling op- 
tions are used along the same row of dimensions; 
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TABLE 9-2 A Typical Finish Schedule 
Finish Schedule 


Paint 
Room Walls Colors Base Floor Ceiling Cornice Remarks 


LIV. RM. DRY WALL BONE WOOD PLASTER WOOD BOOKCASE 
DIN. RM. “ { a PICT. MLDG CLIPBD. 
KITCHEN 5 EGG SHELL TILE = = 

HALL i“ WOOD WOOD SEE DTL. 
ENTRY i ig = — 


one is read left to right, and the other is right to left. DRAFTING TRIANGLES 


A portion-of-a-foot option is available to determine 
linear inches. Figure 9-21 shows a scale ruler for de- 
termining blueprint dimensions. Figure 9-22 illus- 
trates the size and shape of a triangular scale ruler. 
Table 9-3 lists the scaling options of an architectural 
scale ruler. Figure 9-23 shows a detailed view of two 
scaling options of an architectural scale ruler. 


A slide square is placed on a drafting table to pro- 
vide a true horizontal plane with which to draw 
horizontal lines or to guide a drafting square to cre- 
ate other uniform angles. A drafting triangle has a 
45° angle and is used to create plan- and side-view 
illustrations. A dual-purpose triangle, with 30° and 
60° angles, is used for making isometric sketches. 


ween eee eee eee e eee e ener ee eee eeeen, Drafting triangles are available in various sizes. 
: f e . Small ones are most common for creating sketches 
: rom experience. ee : on a job site. Drafting techniques for isometric 


n a : sketches are the most difficult to learn. When you 
A6 flat scale ruler that fits into a shirt : have learned the basic plan-view symbols, your 
pocket is helpful on a job site, but most . blueprint-reading skills will also be strengthened 
provide only two scaling options. A t by learning drafting skills. Figure 9-24 shows a 


plumber often uses a standard tape mea- slide square and a drafting triangle with a draft- 
i ing table or board. Figure 9-25 shows an isometric 
sure when the scale is 1/8” or 1/4”. - drafting triangle. 


RULER LENGTH IS TYPICALLY 13" 


1" WIDE 


FIGURE 9-22 The physical dimensions of a 
typical scale ruler are standard, but many variations 
also exist. 


FIGURE 9-21 A scale ruler is often called a scale 
and is used to dimension a blueprint. 
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FIGURE 9-23 An architectural scale ruler has several scaling options and has two different scales on 


the same row of the ruler. 


from experience... 


Circular pieces of drafting tape dispensed 
from a roll are called drafting dots. They 
are sold in most office supply stores that 
sell drafting supplies. 


It takes practice to become comfortable in 
drawing a piping system in three-dimensions us- 
ing an isometric drafting triangle. One of the first 
steps is learning to create an isometric horizon- 
tal line. The slide square in Figure 9-24 created a 
true horizontal line. When the longest edge of an 
isometric drafting triangle is placed on the slide 
square or in the true horizontal position, the 30° 
angle of the drafting triangle creates a line that 
represents isometric horizontal. Once isometric 
horizontal line is established, all lines representing 
connecting piping are drawn as if the 30° angle is 
horizontal. True horizontal is 90° from true verti- 
cal, so isometric horizontal relates to both known 


TABLE 9-3 Scale Options and Dimensions 
Scale Dimensions To 
8/324 124 feet 
1/8” 92 feet 
3/16” 62 feet 
Aw 46 feet 


3/8” 28 feet 
1/2” 20 feet 
3/4" 14 feet 
1)” 10 feet 


positions. Multiple isometric offsets within a sin- 
gle design must be aligned with isometric horizon- 
tal to remain consistent. Proper placement of the 
isometric drafting triangle is essential to create a 
professional design. Figure 9-26 illustrates that 
isometric horizontal is 30° from true horizontal 
and 60° from true vertical. Figure 9-27 illustrates 
various offsets using an isometric drafting trian- 
gle. Figure 9-28 shows numerous offsets; it can 


Copyright 2011 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


254 SECTION 3 Layout and Installation 


DRAFTING 
TRIANGLE —> 
SLIDE 
BLUEPRINT PAPER 
FLUSH ON TOP 
GUIDE ——> ~<— TRANSFER 


Vi 


GUIDE RESTS ALONG EDGE OF DRAFTING BOARD 
ess sss] 


FIGURE 9-24 A slide square is used to align other drafting tools and 
illustrations on a blueprint page. 


TRUE VERTICAL be used as a practice example to develop isometric 


| drafting skills. 


from experience... 


Practice drawing non-plumbing-related 
objects if you have difficulty in recogniz- 
ing the different angles of the pipe. This 


. 


TRUE 
HORIZONTAL 


eecereeereee eee eeeeee 
Seer eee eee eee see eee 


ANGLE . . . . . 
ee gives you practice ani oni angles 
| while illustrating familiar objects. 
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FIGURE 9-25 An isometric drafting triangle is used FIGURE 9-26 Isometric horizontal is 30° from true 
to create isometric blueprints and isometric sketches. horizontal and 60° from true vertical. 
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FIGURE 9-27 An isometric drafting triangle is used in various positions to illustrate 


different offsets. 
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FIGURE 9-28 Knowing the correct positioning of an isometric drafting triangle is 


crucial for creating a proper illustration. 


SYMBOL TEMPLATES 


Symbol templates are used to create industry- 
standard or custom symbols or to draw features 
of a building or piping system. Multi-purpose tem- 
plates have basic shapes such as squares, triangles, 


and circles; others contain more specific shapes. 
Circular templates such as that shown in Figure 
9-29 enable you to draw a plan view, 90° symbols, 
or larger circular objects such as storage tanks. 
Identification templates include options such as 
arrows, room identification symbols, revision 
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FIGURE 9-29 A circular template creates numer- 
ous symbols. 


symbols, and N for North (Fig. 9-30). A plumb- 
ing template includes common plumbing fixtures 
and shapes to create plumbing-related symbols 
(Fig. 9-31). Examples of how each template can be 
used are included in the figures. 


from experience... 


Most templates have various arrow sym- 
bols. You can select an arrow style for 
pointing at objects within a sketch to 
establish your own drafting style. 


ote eeeeeeeeece eer es eee es ee eee se eee © 


> 


USED TO IDENTIFY A REVISION HAS OCCURRED ON 
A BLUEPRINT, THIS ILLUSTRATES REVISION ONE 


USED TO INDICATE FIXTURE TYPE OR OTHER 
SPECIFIC EQUIPMENT TYPE OR ACTIVITY 


115 


USED TO IDENTIFY ROOM NUMBERS 
OR OTHER UNIQUE AREAS 


= 


USED TO INDICATE NORTH 


FIGURE 9-30 An identification enclosure template 
creates numerous identifying symbols. 


DRAFTING PAPERS 


Various kinds of drafting papers are available. 
Most graph papers, which are used to learn basic 
drafting skills, have square segments to guide you 
in maintaining true horizontal and vertical when 
sketching. The size of graph paper is usually 8-1/2” 
xX 11”, but larger sizes are also available. Graph pa- 
per with squares is not used for isometric sketches 
because isometric horizontal is at a 30° angle (Fig. 
9-32). When a square is segmented from corner to 
corner, it creates a 45° angle, which is more suit- 
able for a plan- or side-view sketch. A more ex- 
pensive type of drafting paper is manufactured 
with vellum and is designed to be reproduced as 
a blueprint. Vellum drafting paper is available in 
large sizes for full-sized blueprints and in smaller 
sizes for sketches. A small sketch, known as a shop 
drawing, is typically created on 11” X 17” draft- 
ing paper, so it can be reproduced in a standard 
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FIGURE 9-31 A plumbing template has various 
fixture symbols and other shapes to create numerous 
symbols. 


copy machine (Fig. 9-33). Vellum drafting paper is 
blank and can be used for plan, side, or isometric 
sketches. A material list is often made on a shop 
drawing (Fig. 9-34) where an information area has 
been created (Table 9-4). An information area can 
include the date and the location of an installation 
as well as the name of the person who created the 
sketch. If the sketch is submitted to another con- 
tractor or to an architect, the company might add 
its corporate seal to give the sketch a professional, 
legal appearance. A material list describes the ma- 
terials required for the specific sketch on the shop 
drawing. An illustration can include alphabetical 
or numerical symbols that are explained in the ma- 
terial list. This keeps the illustration from being 
cluttered with the text and helps a person keep the 
focus on the design intent. 


INDICATE DRAIN 
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p iii > 


8-1/2" 


vy 
ss MMI] 
FIGURE 9-32 Graph paper can be used to 
create side- and plan-view drawings, but the 
square graphs are not designed for isometric 
sketches. 


eeeecerece eee eee ee ee eee ee ee eee ee ee eee, 


from experience... 


Graph paper is helpful for beginners, but 
to strengthen your drafting skills you 

: should attempt to illustrate on blank 
paper as soon as you are comfortable 
drafting on a graph paper. 
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FIGURE 9-33 A shop drawing is typically created 
on smaller paper to use as an installation guide. 


one 


OF 


NTS = NOT TO SCALE NOTE: MISCELLANEOUS MATERIAL 


REQUIRED IS NOT IDENTIFIED 


FIGURE 9-34 A shop drawing typically includes 
symbols indicating specific material required. 


TABLE 9-4 A Materials List for a Sketch Indicates 
the Materials Required to Complete the Installation 


Qty. Size 
3” X 1-1/2" 


Description 


PVC Sanitary 
Tee 


3 PVC Long 
Sweep 90° 
Elbow 


PVC Combo 
Wye & 1/8th 
Bend 


PVC 90° Elbow 

Feet of PVC 
Pipe 

QU Feet of PVC 

Pipe 


By Feet of PVC 
Pipe 


1-1/2” 
1-1/2” 


1-1/2” 
Du Plastic Test Cap 


Plastic Test Cap 


3 Plastic Test Cap 


ISOMETRIC 
DRAFTING 


This chapter has exposed you to basic isometric 
drafting techniques and an isometric drafting tri- 
angle. Comparing isometric sketches to plan- and 
side-view sketches of the same design demonstrates 
the importance of an isometric sketch. An isomet- 
ric view of a piping system clarifies piping configu- 
rations that are hidden from a plan and side view. 
A scale is typically not used on an isometric sketch 
because it is a representation of a plan- or side-view 
sketch. Dimensions can be included in an isometric 
sketch to show fabrication intent or distances from 
specific walls or columns. A plumber who wants to 
advance from single-family construction to multi- 
family or commercial plumbing will be faced with 
using an isometric sketch of a system. Figure 9-35 
provides illustrations comparing the same plan view 
with side and isometric views. Figure 9-36 can be 
illustrated only in an isometric view to clarify the 
design intent and the importance of using the North 
symbol. Figure 9-37 compares several plan, side, 
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CHAPTER 9 


90-DEGREE VERTICAL PARALLEL OFFSET 


en T 


PLAN VIEW SIDE VIEW ISOMETRIC VIEW 
90-DEGREE DOWN AND TEE SIDE BRANCH PARALLEL OFFSET 
PLAN VIEW SIDE VIEW ISOMETRIC VIEW 
TEE UP AND 90-DEGREE PARALLEL OFFSET 


— Ff 


PLAN VIEW SIDE VIEW ISOMETRIC VIEW 


FIGURE 9-35 Plan-view comparisons with a side 
and isometric view indicates that the design intent is 
not clear on a plan view. 


and isometric views and shows that all the offsets 
are visible only with an isometric view. 


from experience... 


A plumber who can draw isometric sketches 
can communicate a design effectively on a 
job site with other employees and contrac- 
tors. This drafting skill is impressive to an 
employer and demonstrates the employee's 
dedication to the plumbing industry. 


. 
. 


. 


The view angles used to illustrate an isomet- 
ric drawing are northeast, southeast, northwest, 
and southwest. Because an isometric illustration is 
three-dimensional, the view angles are tilted from 
the navigational directions, such as north. A view 
angle is where you would be standing if you were 
looking at the piping system on a job site. An iso- 
metric sketch can be confusing when lines cross and 
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ii] 


NORTH 
PLAN VIEW 


HIDDEN OFFSET ON A VERTICAL DROP, IT COULD 
BE A TEE OR 90° (1.57 RADIAN) FITTING 


SIDE VIEW LOOKING NORTH 
(SECTION VIEW) 


A HIDDEN OFFSET STILL OCCURS AND THIS VIEW 
DOES CLARIFY THAT OFFSET HIDDEN ON A PLAN 
VIEW IS A 90° (1.57 RADIAN) FITTING AND NOT A TEE 


ISOMETRIC VIEW 
nt 


ALL FITTINGS AND OFFSETS 
ARE CLEARLY ILLUSTRATED 


FIGURE 9-36 Plan-view comparisons with a side 
and isometric view indicates that the design intent is 
not clear on a plan view. 


appear to be connected. The view angle you choose 
should have a minimum number of lines crossing 
to keep you from misinterpreting the design in- 
tent. The angle you choose to illustrate an isometric 
sketch should indicate navigational directions. Us- 
ing north, south, east, and west helps someone else 
interpret your design. Figure 9-38 demonstrates 
the isometric view angles. Figure 9-39 shows the 
same piping configurations from various views. 


from experience... 


Imagine placing yourself at a different ele- 
vation from the piping system while draw- 
ing an isometric sketch. This may help you 
determine the isometric view angles. 


. 
. 


ote eee eee eee eee ee see eee eee eee seeee 
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PLAN VIEW 


1 TEE UP & 90° DOWN 90° UP (1.57 RADIAN) 


NORTH 
90° DOWN 


TEE AND PIPING ARE NOT VISIBLE BELOW 90° FITTING. 


SIDE (SECTION) VIEW FACING NORTH 


EAST Cc) 


ONLY ONE OF TWO 90° FITTINGS AND SOME PIPING CAN BE SHOWN 


TEE UP 90° UP 
= A a 


ISOMETRIC VIEW 


a NORTH 


30° (.524 RADIAN) FROM TRUE HORIZONTAL 


————————————- TRUE HORIZONTAL 


FIGURE 9-37 Isometric view is often the only view that can clearly illustrate the design intent. 


TOP OF DRAFTING PAPER 


NORTHWEST VIEW NORTHEAST VIEW 


DRAFTING PAPER 


SOUTHWEST VIEW SOUTHEAST VIEW 


BOTTOM OF DRAFTING PAPER 


FIGURE 9-38 An isometric-view angle is determined before drafting an 
isometric illustration. 
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HEADING NORTH 


2. 


HEADING NORTH 


ONS 


SOUTHWEST VIEW 


X 


SOUTHEAST VIEW 


X 
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HEADING WEST 
~ 
S 

HEADING WEST 


7 


YOU ARE HERE 


YOU ARE HERE 


HEADING NORTH 


NN, 


NORTHWEST VIEW 


x 


HEADING WEST 


>< 


YOU ARE HERE 


HEADING NORTH 


><, 


NORTHEAST VIEW 


X 


HEADING WEST 


N x 


YOU ARE HERE 


FIGURE 9-39 Where you are standing as you view an isometric sketch 


determines the view angle. 


Isometric sketches often need clarification. If 
many lines seem to be connected or the actual off- 
set is not clear, detail boxes are used to strengthen 
the design intent. A detail box is a dashed three- 
dimensional drawing at an isometric angle. A 45° 
piping offset is often difficult to be illustrated be- 
cause, depending on the actual illustration and iso- 
metric angle, true vertical lines can represent a 45° 
angle. A rolling offset is when the piping system is 
routed along different paths before and after the off- 
set. A detail box can show that the offset is rolling 
to the side. It can also indicate the dimension of an 


offset. A 45° angle is made by simply segmenting a 
square in half at an angle, so a 45° offset that is not 
installed rolling to one side has the same vertical di- 
mension as its horizontal dimension. When the offset 
is rolling to one side, you must include the distance 
from the pipe to the route of the bottom and top 
horizontal pipes. Figure 9-40 shows two examples 
of detail boxes that clarify isometric 45° offsets. 


A detail box should be drawn with dashed lines 
when the pipe is illustrated with a solid line, so the 
features do not appear to be merged. 
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UPPER PIPING OFFSET IS INSTALLED ALONG 
THE SAME PATH AS LOWER PIPE 


PIPE DOES NOT HAVE TO TOUCH ALL SIDES 
OF THE BOX TO ILLUSTRATE INTENT. 


ag 


~<— HORIZONTAL OFFSET 
IS 6" (1.27 cm) 


~<— VERTICAL OFFSET 
IS 6'-2" (1.88 cm) 


FIGURE 9-40 A detail box is used to clarify the 
design intent of a piping offset. 


RISER DIAGRAMS 


Vertical piping passing through several floors can- 
not be illustrated on a plan-view blueprint. A side- 
view sketch can illustrate piping that does not have 
connections in different directions, but an isometric 
sketch can fully illustrate a vertical piping system. The 
isometric illustration of piping through several floors 
is known as a riser diagram. Some people may find a 
riser diagram difficult to interpret at first glance, but 
knowing the drafting techniques used helps them in 
interpreting it. To avoid becoming overwhelmed by 
the complexity of drafting a riser diagram, remem- 
ber that it begins as a simple isometric sketch. When 
you practice, use colored pencils to show lines that 
intersect which helps remember that the piping does 
not connect. Using a navigational direction, which is 
typically required for a riser diagram, will keep you 
orientated to the design intent and how the diagram 
relates to the building structure or plan view of each 
floor. Figure 9-41 shows a riser diagram beginning 
as a simple sketch. Figure 9-42 is a continuation of 
the sketch that becomes a piping system that rises 
several floors within a building. 


a 
esl 
FIGURE 9-41 A riser diagram begins with a sim- 


ple isometric sketch and then developed to represent 
several floors of piping. 


2ND FLOOR 


1ST FLOOR 


FIGURE 9-42 A riser diagram is continued from 
a simple isometric sketch to a piping system rising 
through several floors. 


et te eee eeeeeceree eee eee eeeeeresresreereeeee, 


from experience... 


A riser diagram is not intended to illus- 
trate every fitting or offset, but rather is 
an overview of design intent based on the 
number of fixtures, valves, equipment, and 
other major elements of a system. 


. 


ete eeeeeeeese eee ere e eee reece se eee ® 


The specific piping system being illustrated 
dictates what information is provided on a riser 
diagram. Sizing information is provided mainly 
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at major intersection points or when a change of 
size has occurred. Valve locations and important 
connections must be included to ensure that the 
design intent is clear and the system is installed 
correctly. Reference to areas such as columns or 
floors is vital, so an installer can relate a riser dia- 
gram to a certain place in a building. Abbrevia- 
tions are used to identify fixtures, and a legend is 
created to indicate their meaning. 


When fixture identifications are similar, such as 
WC for toilet, a numerical system is included with 
the abbreviation. If two different types of toilets are 
illustrated, the numerical system indicates that dif- 
ference to a plumber. The numerical system is also 
used when an abbreviation represents two com- 
pletely different items; for example, WH means wa- 
ter heater and wall hydrant. If fixtures illustrated 
in a small area are the same, the word typical in- 
dicates that. This method avoids clutter and main- 
tains a clean illustration; too much information 
can be confusing to a plumber. Figure 9-43 shows 
a continuation of the riser diagram illustrated in 


CAP RISER FOR FUTURE USE 


N 
sen 1/2" 
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N 
a 


2ND FLOOR 
WALL CORE 
IN BASEMENT 


1ST FLOOR 
st 
GATE VALVE f 


TIE-IN POINT TO 
EXISTING 4" PIPE 


BASEMENT 


FIGURE 9-43 Valve locations, sizes, and other 
unique characteristics are added to illustrate the de- 
sign intent. 


Figure 9-42 and includes more detailed informa- 
tion. Figure 9-44 expands the riser diagram into a 
more complex illustration with abbreviations and 
a legend. 


A 
Al | 
i WH9 
P6 A 
2ND 
FLOOR A EWC1 œ 
i SN P2 
2 ` 
SA R WALL CORE IN BASEMENT 
\ WH2 , 
) ~ el] ust Thy 4" 
P4 we 
| N 1ST FLOOR Ps 
<I | NN A 3 Be 
> P3 ~ 2-1/2" A Be f 
eo PAN GATE VALVE 
P1 TIE-IN POINT 
ROOM B101 
P2 
P5 (TYPICAL) ) 
HA 
HB1 
L 
a 
P6 BASEMENT 
P s 
WH1 


FIGURE 9-44 A complete riser diagram should include all abbreviations, sizes, and possi- 


bly an abbreviation legend. 
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S UMMARY e Drafting skills allow a plumber to effectively 


communicate a design to co-workers and other 


l oa . tradespersons. 
¢ Common plumbing symbols indicate the intent P 


i e A plan view is also known ird’s- iew. 
of a design. plan view is also known as a bird’s-eye view. 


e A side view illustrates an area of construction 


e Abbreviations are used on a blueprint to elimi- , 
from the side. 


nate clutter and are usually listed on a legend 
with their meanings. e An isometric view is a three-dimensional view 


e Most residential blueprints do not illustrate of a piping system. 


the pipe routes for plumbing systems. e A riser diagram is an isometric view of a large 


e An architect typically illustrates only the fixture portion of the entire piping system. 


locations on a residential blueprint. 
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CHAPTER 9 


GREEN CHECKLIST 


L] 


Using electronic blueprint files 
can reduce the amount of paper 
introduced on to a job site, which 
potentially results in less paper 
consumed and discarded. 


Practicing drafting skills on a 
computer as opposed to practicing 


1. 


2. 
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Editorial review has deemed that any suppressed 


REVIEW QUESTIONS 


WC is the abbreviation for a 
a. Toilet 

b. Water connector 

c. Waste collector 

d. Water collector 


A drafting triangle with 30° and 60° 
angles is designed for drawing 


a. Plan-view sketches 
b. Side-view sketches 
c. Isometric-view sketches 
d. Sectional-view sketches 
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on paper can also reduce paper 
consumption and potentially 
reduce paper ending up ina 
landfill. 


Blueprints are often offered using 
recycled paper. 


. An architectural blueprint 


illustrates 

a. Every fitting required 

b. Design intent 

c. The entire project's requirements 
d. None of the above is correct 


. Acircle with a line halfway through 


it is a symbol that represents 
a. 90° down 

b. 90° up 

c. Isometric 90° 

d. Tee down 


. Acold-water pipe is illustrated in a 


plan view with 

a. A solid line with a single dot 
b. A solid line with double dots 
c. A dashed line 

d. A solid line with triple dots 


. The abbreviation for a cleanout is 


a. CL 

b. CNT 

c. CT 

d. None of the above is correct 
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7. Correctly identify the following 11. A sketch made by a contractor to 
symbols. install a piping system is known as a 
a. Shop drawing 
MN b. Architectural blueprint 
ANSWER: —— c. As-built sketch 


d. Post-project sketch 


12. To clarify the design intent of a 
rolling 45° offset, the drafting 
ANSWER: _ ~ 7 technique used is a 


a. 45° drafting triangle 
b. Side-view illustration 


=] ANSWER: c. Detail box 
d. Sectional-view illustration 


13. An isometric sketch that illustrates 
a 4 ANSWER: = —_ several floors of piping is called a 
a. Riser diagram 
8. The average sea level height used b. Riser sketch 
to determine the elevation of a job 
Stes c. Riser blueprint 
a. High tide d. Plan-view drawing 
b. Low tide 14. Drafting paper used for plan- and 
c. Ebb tide side-view sketches that has a 


square grid pattern is known as 
a. Copy paper 


d. Mean sea level 


9. To determine the types of floors, b. Graph paper 
walls, and ceiling to be used in a c. Vellum paper 
building, a plumber consults a d. Printer paper 
a. Room finish schedule 
b. Specification book 15. The four isometric angles used to 
c. Manufacturer data catalog illustrate a piping design are 


a. N, S, E, and W 

b. N, SE, SW, and NW 
c. NE, SE, NW, and SW 
d. NE, SE, E, and W 


d. Booklet from the previous job 


10. Ona blueprint illustrated with a 
1/4” scale, every inch represents 


a. 2 feet 

b. 4 feet 16. WH is the abbreviation for wall 
c. 8 feet hydrant and 

d. 1/4 of one foot a. Wall hose 


b. Water heater 
c. Water hose 
d. Wash hydrant 


Copyright 2011 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


CHAPTER 9 Blueprint Reading and Drafting 267 


17. Avent pipe illustrated on a plan 19. An architectural blueprint 
view is a indicating the locations of 
a. Solid line with a single dot plumbing fixtures is a 
b. Solid line with double dots a. Location plan 
c. Solid line with triple dots b. Floor plan 
d. Continuous dotted line c. Foundation plan 


d. Shop drawing 
18. AFF is the abbreviation for 
a. After floor finish 


20. The actual size of a2” x 4” board is 


a. 2” x 4" 
b. After final finish b. 1-1/2" x 4” 
c. Above finished floor c. 2" X 3-1/2" 
d. Above fixture finish d. 1-1/2" X 3-1/2" 
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Material Organization 
and Layout 


e respect material organization methods to e demonstrate proper system layout. 


increase productivity. 
e know that the layout and installation of a 


e demonstrate safe material-handling techniques. plumbing system differ for each project. 


e use manufacturer installation data properly. 
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GLOSSARY OF TERMS 


carpenter an individual who 
installs the wood framing or other 
woodwork 


joist a horizontal board used for 
structural integrity 


load-bearing the portion of a 
structure that bears its weight, 
such as a load-bearing wall 


procure the process of receiving 
material through ordering or 
gathering 


slab a concrete floor that 
defines a building design and 
does not have a crawlspace or 
basement 


stud a vertical board used to 
erect a wall 


trench an installation area 
below ground created by 
excavating soil; also known 
as a ditch 
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aterial organization skills are es- 

sential for increasing job-site pro- 

ductivity. Organizing material in 
list format eliminates material procurement 
errors and minimizes quantity overruns. Your 
blueprint reading and drafting skills will allow 
you to create a shop drawing and organize your 
material according to the design intent. You 
will not simply order arbitrarily based on 
unknown circumstances. Knowing exact 
quantities and installation phases creates a 
systematic and productive work atmosphere. 
Organizing installation data from manufac- 
turers and creating shop drawings are two im- 
portant ways to increase productivity. Proper 
ordering techniques can decrease labor costs 
by minimizing material handling, thereby al- 
locating more time for installations. By co- 
ordinating with other trades and organizing 
materials, a plumber can expedite the layout 
of piping systems. This chapter discusses 
proven methods for creating a productive job 
site and stimulating creative installation ideas. 
Apprentices who learn and implement correct 


organizational skills become adept plumbers. 


Adhering to Leadership in Energy and En- 
vironmental Design (LEED) concept, many 
construction projects recycle unused build- 
ing supplies. Copper, brass, steel, cardboard, 
and many other plumbing-related scraps can 
be recycled. Ordering materials often includes 
purchasing pipe based on offered lengths 
even though the entire length of pipe is not 
consumed during installation. This is because 
manufacturers sell pipe at specific footages 
and plumbers require only a portion of what 


they purchase. This means some of the pipe is 


considered scrap. Recycling products is a way 
to minimize landfill waste and the need for 


raw materials to manufacture new products. 


Another focal point on material han- 
dling that can be considered environmentally 
friendly is to create lists based on the minimal 
amount of trips required to retrieve/deliver 
materials to a job site. More travel required 
to and from a job site consumes more fuel. 
These numerous visits consume more fuel 
and release more pollutants into the environ- 
ment. The more orders to a supply store also 


result in the use of more paper. 


COMMUNICATION 


For a construction site to operate effectively, each 
trade must provide effective written and oral com- 
munication. Written communication is the most 
reliable, but, if information is required immedi- 
ately, oral communication can be more produc- 
tive. A plumber reviewing a blueprint is receiving 
communication about a design from the archi- 
tect. When a plumber interprets a blueprint to a 
coworker, an oral communication is continuing 
from the initial written communication. A cycle 
of errors occurs if the oral or written communi- 
cation is misunderstood. An electrician who tells 
a plumber where wiring will be installed so that 
the plumber can install piping in the same area 
is communicating the design intent orally. If the 
electrician provides incorrect information, and 
the plumber installs piping in the wrong location, 
an error has occurred and someone is blamed. 
Regardless of who is to be blamed for an error 
caused by poor communication, a loss of time 
and money results. Table 10-1 lists common oral 
and written methods of communication used in 
the construction industry. 


WRITTEN COMMUNICATION 


The most effective form of communication on a job 
site is written communication. Safety training pro- 
grams typically include weekly job-site meetings 
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CHAPTER 10 


TABLE 10-1 Communication Methods 


Method Written 
Two-way radio No 
Mobile phone Yes 
Telephone No 
Facsimile Yes 
Blueprint Yes 
Tape recorder No 
Computer/E-mail Yes 


Meetings Yes 


Safety Yes 


with written safety lessons. Every employer must 
have a Hazardous Communication Program that 
distributes information concerning dangers and 
safety procedures to its employees. The Occupa- 
tional Safety and Health Administration (OSHA) 
requires a Material Safety Data Sheet (MSDS), a 
written document that must be available upon re- 
quest for every product containing dangerous or 
hazardous materials. Each job site must have a cat- 
alog of information for specific products, includ- 
ing gases used to solder copper tubing. The MSDS 
indicates the dangers and the medical treatment 
necessary in case of exposure. A physician or first 
responder might need this information. Always re- 
view safety-related information before using a prod- 
uct. A list created to order material is in a form of 
written communication, and an incomplete material 
list is an example of ineffective communication. The 
initial source of written communication must be ac- 
curate for any continuing written communication 
to be effective. An error on a blueprint can create a 
chain of errors by everyone involved. The architect 
is responsible for correcting the errors. If a misinter- 
pretation of a blueprint causes the errors, the per- 
son or company who misinterpreted is responsible 
for causing the errors. A shop drawing created by a 
contractor is based on an architect’s design intent. 
If the contractor creates an incorrect shop drawing, 
the drawing provides incorrect written communi- 
cation. It is extremely important for a plumber to 
thoroughly understand the design intent when re- 
viewing all forms of written communication. You 
will recognize incorrect information as your career 
progresses. A mobile phone using a text messaging 
feature is a productive written communication op- 
tion on job sites. Many mobile phones have camera 
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TABLE 10-2 Typical Written Communications 
Method 
Blueprint 
Shop Drawing 
Rough-in Sheet 
Building Permit 
Material List 
Letter of Transmittal 
Extra Work Order 
Web Site 
Facsimile (Fax) 
Electronic Mail (E-mail) 
Letter 


Memo 


Material Safety Data Sheet 


Mobile Phone Text Message 


features. Capturing photos and electronically for- 
warding a picture of an installation or known error 
in a design can be a productive means of commu- 
nicating. Table 10-2 lists several forms of written 
communication. 


eoeee eee eee eee eee eee ee eee eee sees eee ‘l, 


from experience... 


Always request design changes in writing 
for legal reasons. A verbal design change 
is easily disputed by other parties and typi- 
cally does not have merit in a court of law. 


. 
. 


ORAL COMMUNICATION 


One of the leading causes of construction errors 
is incorrect oral communication. An error is often 
caused unknowingly by repeating incorrect informa- 
tion received from another source on a construction 
site. On a typical single-family residential construc- 
tion site, a plumber and an apprentice install the en- 
tire plumbing system. The architectural blueprints 
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typically do not show the piping systems, which are 
determined based on the design intent, codes, and 
job-site coordination. If a floor joist interferes with 
a pipe route, a plumber can ask the carpenter to 
alter the joist layout. This common and acceptable 
process involves oral communication, and written 
documentation is often never established. 

With technological advancements such as mo- 
bile phones and two-way radios, a plumber has 
immediate contact from a job site to a supervisor. 
Providing information immediately rather than 
creating a paper trail results in increased produc- 
tivity, and less paper use is more environmentally 
friendly. Interpreting code and organizing mate- 
rial are two reasons why oral communication is vi- 
tal for a productive job site. Many mobile phones 
also have two-way radio features, and some mod- 
els are able to communicate nationally. Workers in 
smaller construction sites may use a two-way radio 
for verbal communication within a smaller radius. 
Coworkers on a job site can communicate ques- 
tions and information without leaving their work 
areas. Most two-way radios have multiple channels 
to communicate with other contractors who are us- 
ing specific channels. A crane operator typically has 
a dedicated channel, so crucial communications are 
not interrupted by those not involved in the hoist- 
ing procedures. Several variations of two-way ra- 
dios use a home-base accessory to create a private 
two-way system. A two-way radio typically uses a 
public communication tower, so all contractors can 
communicate freely with one another on a job site. 


from experience... 


Two-way radios and mobile phones are 
effective only when the batteries are 
charged. Plumbers should treat all com- 
munication devices as important tools. 


. 


MATERIAL 
ORGANIZATION 


Material organization skills are essential for com- 
pleting a task in a productive manner. If an item 
is not ordered, a task cannot be completed. The 
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time spent on procuring an overlooked item could 
be used to perform another task. This wasted time 
can be a leading cause of a project losing money. 
Labor rates increase, but material prices fluctu- 
ate; if a low-cost item stops the progress of a task, 
the cost of the item increases. To organize materi- 
als, a plumber must be knowledgeable about the 
task. Because a plumber must determine the pipe 
route for most residential projects, some plumb- 
ing companies may decide to provide extra ma- 
terial for a job in an attempt to minimize loss of 
labor due to lack of material. This eliminates the 
need to stop work to procure a particular item. 
This overstocking method may seem costly, but, 
if labor costs are decreased, the additional resi- 
dential material costs are usually justifiable. Most 
residential products use plastic piping or flexible 
tubing, which are less expensive compared to a 
commercial project using copper or cast iron. This 
allows a residential contractor to utilize this over- 
stocking method. 

For large projects, materials might be ware- 
housed in a central location. Materials for small 
projects might be kept on a vehicle. For a single- 
family home, a plumber might need to work in only 
one location for a short period, so on-site material 
storage is not necessary. One way to save costs on 
any project is to make a list of needed materials 
before beginning a task. Regardless of where the 
material is procured, having a list lets you know 
if all material is available before you begin an in- 
stallation. All material should be organized and 
delivered to a job site based on a particular proj- 
ect. Often plumbing companies organize material 
in storage bins on a truck, but the plumber should 
take required material into the house to avoid nu- 
merous trips to a truck to retrieve material. Theft 
can occur on construction sites, so material should 
be stored in a secure area. Table 10-3 lists several 
material organization methods. 


TABLE 10-3 Material Organization Methods 


Method 

Creating Material Lists 
Palletizing Material 
Bagging and Tagging 
Warehousing On or Off Site 


Procuring Material per Job Site or Installation 
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PALLETIZING 


A pallet is a wooden platform that is raised from 
the floor to accommodate a fork truck or pallet 
jack. Larger projects, where work is performed in 
numerous areas, can use pallets to store material. 
Most small residential construction projects can- 
not organize to a point where palletizing material 
is effective. Often material is placed in one area 
of a job site and then moved several times before 
it is installed. Constant movement of material re- 
quires manual labor, which increases the labor 
cost of a project. Palletizing material allows it to 
be relocated with a pallet jack, which requires 
less labor. Figure 10-1 shows a pallet with mate- 
rial organized for relocation to another area of a 
job site. Figure 10-2 shows a pallet jack used to 
relocate a pallet. 


eoeeecee eee eee eee eee ee se eee eee eee eee ey, 


from experience... 


The handle of a pallet jack is pumped 

up and down to raise the forks from the 
ground, and a lever located in the handle 
is triggered to lower the forks. 


BAGGING AND TAGGING 


Bagging and tagging is a trade name for organiz- 
ing material according to a specific activity or in- 
stallation. Heavy objects such as cast iron fittings 


FIGURE 10-1 Organizing material on a pallet to 
minimize relocating with extensive labor. 
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FIGURE 10-2 A pallet jack easily relocates 
material stored on a pallet and minimizes labor 
costs. 


can be placed in a burlap bag, and plastic materi- 
als can be stored in a cardboard box. Whether a 
bag or box is used, the organizational process re- 
mains the same. A material list provides a format 
for keeping track of the materials needed for an 
installation. Organizing those materials in a box 
or bag ensures that they will be available when 
needed. Identifying the organized material is cru- 
cial for locating the correct, stored items. A tag is 
used for a burlap bag. A label is used for boxes, 
or the installation location is simply written on 
the side of the box. 

Material that is not available when the organi- 
zational process begins should be noted on a tag or 
label. A material tracking chart or book can be used 
to remind a plumber that an order is incomplete 
and to ensure that all missing material is received 
before the installation begins. Some items, such as 
a washing machine box, icemaker box, and shower 
faucet, are installed during two different phases of 
construction. In that case, the trim plates must be 
stored and protected or even removed from the job 
site until they are required for the trim-out phase 
of construction. Table 10-4 shows an example of a 
material tracking chart that can be created on a job 
site. Figure 10-3 shows two ways to organize mate- 
rial using a tag or label. 
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TABLE 10-4 Material Tracking Chart 


Size Description Ordered Received Notes 


1/2” Copper Cap YES P.O. #12761 
3/4" Copper Cap YES 

3/4" Copper 90° YES Reordered 5/27 
WV” Copper 90° YES Reordered 5/27 
3/4" Copper Tee YES Reordered 5/27 
1/2” Copper Tee YES 

3/4" x 1/2" Copper Tee YES Reordered 5/27 


OR BATHROOM WATER PIPE 
= NOT COMPLETE 
NEED FOLLOWING ITEMS 
1 EA. 3/4" COPPER 90° 
1 EA. 1" COPPER 90° 
1 EA. 1-1/2" X 1" X 1" COPPER TEE 
1 EA. 2" X 3/4" COPPER TEE 
ANCHORS, NUTS, BOLTS, SCREWS, ETC. NOT INCLUDEI 
:, FLUX, SOLDER, AND SANDPAPER NOT INCLUDED 


ADHESIVE LABEL ON SIDE OF BOX 


TAG WITH EYELET TO SECURE TO BAG 


FIRST FLOOR BATHROOM WATER PIPE 
COMPLETE 
ALL NECESSARY ANCHORS, NUTS, 
BOLTS, SCREWS, ETC. NOT INCLUDED 
PIPE, FLUX, SOLDER, AND SANDPAPER 
NOT INCLUDED 


FIGURE 10-3 A tag or label is used to identify a bag or box 
indicating the location of an installation and any items required 
to complete a material order. 


: from experience... : MATERIAL 
Storing material in a box or bag with- : HANDLING 


out identifying the contents can increase 


: : As previously discussed in this chapter, organized 
: labor cost by forcing you to search for t material procurement, storage, and handling is 
; material. ; vital for a productive installation. Plumbing sys- 
: : tems are manually installed. By distributing ma- 


terial to the proper work areas, the installation 
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process is expedited, because the plumber does 
not have to look for material in remote locations. 
Most residential materials are lightweight except 
for equipment such as water heaters and some 
bathtubs. Because single-family homes are fairly 
small, equipment is not needed to move materials 
from place to place on the job site. Carts, dollies, 
and other wheeled pieces of equipment are avail- 
able to move heavy objects. Machinery such as a 
fork lift is often needed to place one-piece tub and 
shower units onto upper floors. More than one 
person is needed to carry heavy objects such as 
cast iron bathtubs to designated locations. Many 
heavy objects must be carried upstairs; using a 
dolly prevents back injuries. The employer often 
supplies a support to ease lower-back strain, but 
it is the employee’s responsibility to wear it when 
needed. Figure 10-4 shows a pipe cart specifi- 
cally designed to carry heavy pipe on a job site. 
Figure 10-5 shows a typical back support for lift- 
ing heavy objects. 


Courtesy of Vesti! Manufacturing. 
| 
FIGURE 10-4 A pipe cart eliminates the need 

to carry heavy pipe and can be operated by one 


person. 
E] 
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FIGURE 10-5 Back support is required to mini- 
mize the risk of lower-back injury. 


from experience... 


Using back support is not common on 
many job sites. It is more common for 
-material handlers in warehouses or for ; 
> truck drivers. : 


VEHICLE RACKS 


Ladder and pipe racks are installed on pick-up 
trucks and vans. Vehicle racks are designed for spe- 
cific vehicle types. Most piping is sold in 10’ and 
20’ lengths, which means a rack is needed to de- 
liver pipe to a job site. Ladders and piping are usu- 
ally carried on the same rack and must be secured, 
often with flexible securing straps. They must be 
tightened well to ensure that the piping and lad- 
ders remain in place while driving. Numerous styles 
of racks are available, many of which are custom 
made by local fabrication shops. A plumber must 
be aware of the weight capacity of the rack and 
the vehicle. A heavy-duty rack may be able to han- 
dle several tons of weight, but the truck might not. 
When heavy loads are placed high above a truck, 
the vehicle cannot make turns as quickly. Abrupt 
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stopping or accelerating can cause the material on 
the rack to become airborne if the straps break or 
are not adequately secured. The rack system con- 
nections to the vehicle must be inspected to make 
sure that the anchoring bolts are secured. 

State highway regulations dictate that objects 
protruding from the front or rear of a vehicle must 
have a bright-colored flag attached or have some 
other means of indicating an unsafe condition to 
other drivers. Most states dictate that an object 
protruding more than 36” from the vehicle must 
be identified with a flag, but a plumber must know 
local regulations to avoid violating them. Pipe car- 
riers can be purchased that hold small-diameter 
pipe, so it does not have to be secured to the pipe 
rack. Pipe carriers can be custom made out of PVC 
pipe with a cleanout on each end. Flexible tub- 
ing used for residential water distribution systems 
cannot be safely strapped to a pipe rack, so use of 
a pipe carrier is common. Most pipe carriers are 
secured to the pipe rack with U-bolts, which are 
simply metal rods bent in a U-shape and threaded 
on each end. Figure 10-6 shows various types of 
ladder and pipe racks. Figure 10-7 shows a lad- 
der secured to a pipe rack. Figure 10-8 illustrates a 
custom-made pipe carrier. 


CAUTION 


eoereec reece eee eee eee eee ee eee eee eee eee ey, 


from experience... 


Always inspect straps for deterioration, 
and discard them when abrasion or 
cracking is visible. 


ote eeeeeeeeeeeeees ee eee seseesecee * 
. 


LAYOUT 


When all material is procured and organized, the in- 
stallation process can be completed. A typical resi- 
dential single-family home layout is within a wood 
structure, and all the walls, floor joists, ceiling joists, 
and roof are constructed before a plumber arrives on 
the job site. Plumbing systems are usually installed 
before electrical and HVAC systems are installed 


Courtesy of Werner Ladder. 
ko a u u Vj 


FIGURE 10-6 A ladder rack is also used to deliver 
pipe to a construction site, so the weight load of the 
rack must be known. 
E) 


because drainage systems need to be more exact. 
They often also occupy more space within a wall or 
ceiling cavity. Drainage piping is larger than most 
other residential piping; a 3” pipe consumes most of 
the width between 2” x 4” wall studs. Because the 
actual dimension of a 2” x 4” stud is 1-1/2” x 3-1/2", 
a plumber must be accurate when laying out a hole 
for a 3" pipe in a wall. There are three basic home 
designs, which dictate the layout process. A home 
with a concrete floor and basement is referred to as 
a slab design. Some piping is installed below ground 
for a slab. Some designs have a basement, and some 
have a crawl space. All homes require above-ground 
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Courtesy of Werner Ladder. 


FIGURE 10-7 A ladder and pipe is secured 
to a truck rack with flexible straps. 


Sonniee PVC FEMALE 
TO FRONT ADAPTER 
PIPE RACK 


CLEANOUT 
PLUG 


PIPE RACK ANCHORS 
TO TRUCK BED 


FIGURE 10-8 Pipe carriers can be made or pur- 
chased to hold small-diameter pipe on a truck rack. 


piping, with the variations in design dictating the 
above-ground piping layout. Table 10-5 indicates 
the three basic home designs according to the foun- 
dation used. 

A building drain is the lowest horizontal drain- 
age pipe. It receives all other drainage pipes and 
conveys waste and wastewater to a building sewer. 
A building sewer is connected to the building drain 
and conveys waste and wastewater to the septic 
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TABLE 10-5 Three Home Designs 
Type Above ground Underground 


Basement Yes Yes 


Crawlspace Yes No 
Slab Yes Yes 


tank or a municipal (public) sewer. Codes determine 
the minimum depth below ground the building 
drain can exit the building; the sewer connection to 
the septic tank or public sewer determines the max- 
imum depth. Codes, sizing, and additional system 
identification are explained in Chapter 13. When a 
house is built on a concrete slab, the underground 
plumbing system must be installed before the house 
can be built. A house with a basement does not nec- 
essarily have a drainage system installed below the 
floor. In a house with a crawl space, there are more 
piping design options, and a plumber installs the 
building drain portion of a drainage system above 
ground. Figure 10-9 illustrates a building drain ex- 
iting a house built on a concrete slab. Figure 10-10 
shows two possible exit points of a building drain 
from a house with a basement. Figure 10-11 illus- 
trates a building drain exiting a house built with a 
crawl space. 


INTERIOR 
EXTERIOR 
CONCRETE 


FLOOR (SLAB) DRAIN 


FIGURE 10-9 A house built on a concrete slab 
requires that the building drain be installed below 
ground. 
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EXTERIOR ——> ~<— INTERIOR 
FLOOR JOIST 


DRAIN 
BUILDING 
DRAIN BASEMENT 


DRAIN 


| BASEMENT CONCRETE FLOOR 


oe eS Sree 


FIGURE 10-10 Piping exiting a basement is either through 
the foundation wall or below the concrete floor. 


from experience... 


Different regions of the United States use 
different foundation designs. In many 
southern regions, slab or crawl space 
designs are common; northern regions 
have more homes with basements. 


~<— INTERIOR F 
FLOOR JOIST 


EXTERIOR ——~ 


CONCRETE 
BLOCK WALL 


DRAIN 
CRAWL SPACE 
DRAIN 


UNDERGROUND 
LAYOUT 


Underground layout of a piping system depends 
on the design intent of the building and codes. The 
layout phase of an underground piping system is 
crucial, and errors can have serious consequences. 


FIGURE 10-11 Piping exiting a crawl space is If an incorrect installation is not discovered until 
either through the concrete block wall or below the after the concrete floor is placed, an area of the 
concrete footing. floor may have to be removed to correct the error. 
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There are similarities in the layout process for 
every building as to wall locations, wall widths, 
and techniques to ensure the accuracy of pipe 
installations. Material-saving methods can also 
determine pipe routes while adhering to code reg- 
ulations and design intent. Using equipment for 
excavating a pipe trench must be considered while 
laying out a piping system to eliminate extensive 
hand excavation. Moving previously excavated 
soil by hand decreases productivity. The location 
of excavated soil must be determined during the 
layout process, so it does not interfere with other 
pipe trenches and wall layout locations. The per- 
son excavating the soil must know where to place 
the soil. 


from experience... 


Many codes require all piping penetrat- 
ing concrete floors to be sleeved with 

a protective pipe or other approved 
sheathing to avoid damage to the piping 
systems. 


2 ete eeeeereeeecr ee eece eee eer eeeeeeeee * 


WALL LAYOUT 


A blueprint is used to locate walls and adhere to 
the design intent. The phrase to “pull a string line” 
means stretching a string from an established wall 
location to determine a definite installation loca- 
tion. Figure 10-12 illustrates a pipe installed be- 
tween two strings that represent where a wall will 
be installed. 


ete eO eee eeeeree eee e eee eee e sree ese reese eeey, 


from experience... 


String is sold as a roll. A reel-type string 
holder is available to roll up the previ- 
ously used string for future use. A thin 
wood board or small piece of pipe can 
also serve as a String holder. 


Material Organization and Layout 279 


PIPE 


TT 
WALL WIDTH 


STRING 


STRINGS SECURE TO 
EDGE FORM OR TO 
BATTER BOARD 


CONNECTS TO UNDERGROUND PIPE 


FIGURE 10-12 Strings are used to simulate a wall 
to install underground piping. 


Edge forms are used to create the outline (foot- 
print) of a building constructed on a concrete slab. 
The edge forms on a typical single-family residen- 
tial project are wood and are constructed by the 
general contractor. A plumber uses nails to se- 
cure (tie) the string to the edge form. If a metal 
edge form is used, a wooden structure built by a 
plumber, known as a batter board, is used to pull 
the string to simulate a wall. Most residential 
construction projects do not require strings to be 
pulled (stretched) as far as some commercial proj- 
ects. If a string is pulled more than 100’, it is less 
accurate than it is pulled at shorter distances and 
is more likely to conflict with other construction 
activities. Many batter boards are fabricated and 
installed by the general contractor to indicate spe- 
cific design features. Figure 10-13 illustrates a 
typical wooden edge form used to create a foot- 
print of a building constructed on a concrete slab. 
Figure 10-14 shows a batter board used as a se- 
curing point for a string to indicate placement of 
piping turning up into a future wall. The knot used 
to tie the string to the nail is based on preference, 
but the tightness is crucial to ensure that the wall 
width is accurate. A cinch knot is often used as the 
final securing point of a string. 


For step-by-step instructions on edge form lay- 
out and tying a cinch knot, see Procedure 10-1 on 
pages 289-291. 
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EDGE FORM 


— 


TOP OF FORM IS 
TOP OF CONCRETE 


SOIL 


FIGURE 10-13 A wooden edge form creates an outline of a building constructed on a concrete slab. 


Ze ROPERS 


VARIES BASED 
ON INTENT 


I<— HEIGHT ABOVE GROUND 
VARIES BASED ON INTENT 


2" X 4" BOARDS 


SIMULATES WALL WIDTH 
DRIVEN 
INTO GROUND 


FIGURE 10-14 A batter board is fabricated as a securing point for string to simulate a future 
wall location. 
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from experience... 


The average width of a wall layout batter 
board is 24”, allowing room to adjust the 
wall location on the horizontal portion of 
the batter board. 


as lime, similar to what is applied to athletic 
fields, can also be used. It is available in bag form 
at local building supply stores. The pipe route 
should include the main trench and all branch 
trenches for connecting branch pipes to the main 
pipe. After the layout is complete, excavation 
process can begin. If the process takes several 
days, perhaps because of inclement weather, the 
lines may have to be drawn again. Figure 10-15 


_ illustrates strings placed on soil to lay out a pipe 
trench. Figure 10-16 shows an excavated trench 
and the importance of not placing excavated soil 
in dimension areas. 


TRENCH LAYOUT 


The pipe route can be established once the wall 
locations are determined. The strings must be CAUTION 
removed for the excavation phase and installed 
again for the pipe installation. A loose piece of 
string can also be placed on the soil to identify 
the pipe route, and spray paint can be applied 
over the string to mark the route. A powder, such 


EDGE FORM 


BRANCH TRENCH 


STRING —~_ 


MAIN TRENCH 
STRING 


STRING PLACED 
ON SOIL 


PLACE SOIL HERE 


FIGURE 10-15 Loose string is placed onto the soil, and spray paint or some other method is used to 
identify where a trench is required. 
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PLACE SOIL AWAY FROM 
DIMENSION AREAS ~~ >, 


FIGURE 10-16 Location of excavated soil should not conflict with dimension areas to install a pipe in 


a trench. 


: from experience... 


- A beverage bottle or cup canbe used to : 
: apply a powder product onto the soil for 
laying out a pipe route. If a plastic bottle 
is used, cut the spout portion off to create 
a larger opening in the bottle. 


ABOVE-GROUND 
LAYOUT ———— 


Because piping installed above ground does not 
require excavation, it can be relocated more eas- 
ily than piping installed below ground. Resi- 
dential construction typically requires laying 


out pipe routes through wood studs, joists, and 
floors. Piping systems installed in crawl spaces, 
attics, and most basements are exposed. The fix- 
ture locations are determined from a blueprint, 
and the type of fixture dictates a portion of the 
piping layout. Drainage and venting codes are 
important in choosing the size and route of the 
piping. Codes regulating the drilling and notch- 
ing of wall studs and joists must be followed to 
avoid structural failure and code violation. The 
entire route of a pipe must be determined to ac- 
commodate unique challenges in an installation. 
A plumber is essentially creating a map of a pipe 
layout route, including the approved fittings for 
the installation. Numerous other considerations 
that are specific to each job site determine the 
actual layout procedure. These considerations 
include the hole location, physical size of a drill 
bit, the type of drill, and so forth. Table 10-6 
lists common layout considerations that must be 
addressed before drilling any holes for above- 
ground piping. 
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TABLE 10-6 Above-ground Layout Considerations 


Consideration Notes 


Fixture location The actual location within a room and in relation to other 
fixtures. 


Type of fixture This dictates minimum pipe sizes. 


Codes All codes dictate the pipe size, fitting installed, distances of drains 
from a vent, drilling of wood studs and joists, 
and other information. 


Location of wood studs and joists Some studs and joists can be relocated or altered by a carpenter 
at the request of a plumber. 


Physical size of drill and drill bits Drill and bits must be able to fit within the space between studs 
and joists to be used safely. 


Coordination with other trades A plumber must recognize the basic locations of certain items 
installed by other trades. 


FIXTURE LOCATIONS Figure 10-18 illustrates the process of using a nail 
to indicate where to install piping for a fixture or 


An architect may locate fixtures to accommodate group of fixtures. 


a design preference or to satisfy a customer and 
not consider the challenges it creates for pipe in- 


stallation. A plumber typically determines the pipe pCi coer tis Saad aaa i os a wie ats Vie hae Cea ea . 
route upon arriving at a job site. With the framing : fro m experience. ae : 
complete, a plumber uses the blueprint to lay out . . 
the fixtures. The plumber either drills a small hole -Drilling holes indiscriminately creates : 
or drives nails part way through the floor where : an unprofessional appearance; a pipe : 


the pipe will penetrate the floor to show the loca- ; : 
tion from the floor below. Figure 10-17 illustrates : route must be thoroughly investigated 
the fixture location of a typical bathroom layout. «to avoid wasting time drilling unneces- 


sary holes. 


FLOOR JOIST CONFLICTS 


Possible pipe routes and any conflicts are deter- 
mined by viewing the location of the holes from the 
floor below a fixture location. Conflicts with floor 
joists are common; drainage systems connecting to 
specific fixtures often cannot be relocated around 
a floor joist. Drainage piping can usually be relo- 
cated easily around wall studs, and often wall studs 
can be relocated to accommodate pipe installations. 
A floor joist cannot be moved easily, because the 
floor and walls are resting on it; it is a load-bearing 
structural feature of the house. A carpenter should 
FIGURE 10-17 Fixture location is established be told about any piping or fixture location con- 
to determine pipe route, which exposes possible flicting with a floor joist. The carpenter may have a 
conflicts. solution, or the coordination process might have to 
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DESIRED VENT WALL ON SAME 
WALL BELOW PIPE LOCATION FLOOR AS FIXTURES 


DIMENSIONS BASED ON 
SPECIFIC FIXTURE ——__> 


DESIRED FLOOR CUT 
FOR TOILET DRAIN 


DIMENSION 


| 
| 
| 
=) 


DESIRED FLOOR 


DESIRED CUT FOR TUB DRAIN 


HOLE LOCATION 
| PLYWOOD FLOOR 


FLOOR JOIST DIRECTION BELOW 


l 


PARTIALLY DRIVE NAIL THROUGH FLOOR SO IT IS VISIBLE FROM 
BELOW BUT CAN BE REMOVED FROM ABOVE 


FIGURE 10-18 Partially driving nails into the floor allows fixture locations to be viewed 
from below the floor. 


DESIRED HOLE LOCATION : : ae ; _ 
OA BANTUB CONELICTĂ slightly notched to install piping that partially con 


WITH FLOOR JOIST LOCATION PLYWOOD FLOOR flicts, but a plumber must know local codes before 
proceeding. Figure 10-19 illustrates a common con- 
flict involving a bathtub drain. Figure 10-20 shows 
a common solution to a floor joist conflict installed 
by a carpenter. 


CAUTION 


STUDS GO 
STUDS TO FLOOR 


FIGURE 10-19 Floor joists often conflict with 
fixture drain locations. . 


from experience... 


Attempt to identify conflicts immediately 
upon arriving on a job site to expedite 
corrective action. This process may take 


involve the architect. A plumber should never alter 
the location of structural boards or cut a floor joist 
without knowing all structural codes and getting 
written permission. A carpenter might be able to cut several days and can cause a delay in 

a floor joist and add other means of support to al- ; : 

low for pipe installations. Most codes allow a small installation. 

portion of the top and bottom of a floor joist to be . Pere Pee E Pa a 


. 
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CHAPTER 10 


FLOOR JOIST IS CUT 
PLYWOOD FLOOR 


HEADER IS 
CONSTRUCTED 
PER LOCAL 
CODES 


DESIRED HOLE LOCATION FOR BATHTUB 
IS NO LONGER OBSTRUCTED BY JOIST 


LOCAL BUILDING CODE MAY REQUIRE 
ADDITIONAL SUPPORT 


FIGURE 10-20 A carpenter can cut a floor joist 
and install a header per local code to provide an 
opening for a tub drain location. 


WALL LAYOUT 


Once all conflicts are eliminated, the next step is to 
determine the wall layout to install the piping serv- 
ing the fixtures. Many codes exist concerning drill- 
ing through walls. The size and location of a hole 
varies based on the load-carrying responsibility 
of the wall stud. Not all wall studs have the same 
purpose. Some are considered partitions while oth- 
ers are load bearing; that is, they carry the load 
of the structure above. Codes vary in different re- 
gions of the United States. A plumber must know 
local requirements to avoid code violation and ex- 
pensive errors. When the pipe route is determined, 
the walls are marked with a pencil or ink marker 
to indicate the center and the size of the hole or 
the drill bit to use. Most plumbers have an appren- 
tice drill the holes. Being specific during the layout 
process eliminates errors in drilling. 

Because every fixture needs a drain and a water 
supply, the holes for both are typically laid out and 
drilled at the same time. Laying out both systems at 
the fixture location exposes possible conflicts be- 
tween the two systems. Because the drainage pip- 
ing is larger in diameter, it takes precedence during 
the layout phase and is usually installed before the 
water piping. Drilling all necessary holes in a par- 
ticular work area at the same time increases pro- 
ductivity. When laying out a wall for a pipe that 
is routed from one floor to another, a plumb-bob 
tool is useful for transferring a line from the bot- 


tom and top plates of the wall. However, using a . 
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PLAN VIEW 


INDICATE HOLE 
SIZE OR DRILL 
WALL STUD BIT SIZE 


BOTTOM 


WALL PLATE WALL STUD 


MARK CENTER OF HOLES 
E) 


FIGURE 10-21 A thorough layout process elimi- 
nates drilling errors and increases installation 
productivity. 


plumb-bob can decrease productivity and is rarely 
needed on residential construction because the pip- 
ing is usually plastic or flexible. The vertical wood 
studs are typically installed level; transferring the 
dimensions using a tape measure is adequate and 
more productive. Figure 10-21 illustrates one 
method of identifying the hole location and size. 
Figure 10-22 shows a wall layout of a pipe pass- 
ing through a bottom and top plate. Figure 10-23 
illustrates a wall layout for a pipe installed hori- 
zontally through wall studs. 


CAUTION 


from experience... 


Locating piping directly against a wall 
stud eliminates the need for using a tape 
measure, and the piping can be supported 
directly to the wall stud. 


. 


ote teeeee ee ee eee ese eee eee eee se eee ® 
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SIDE VIEW 


TOP WALL PLATE ——> 


: 


MARK TOP PLATE AFTER MEASURING 
THE DISTANCE OF DIMENSION ON 
LOWER PLATE 


<——— CHECK TO ENSURE 
STUD IS LEVEL 


WALL STUD 


MEASURE DISTANCE TO 


TRANSFER TO TOP PLATE 


BOTTOM WALL PLATE ——> 


DESIRED HOLE LOCATION 


FIGURE 10-22 A hole layout for a pipe installed vertically in a wall can 
usually be performed with only a tape measure. 


SIDE VIEW 


CODES STRICTLY REGULATE 
THE DISTANCE A HOLE CAN 
BE DRILLED FROM EDGE 

OF STUD 


WALL STUD 


OUTSIDE 
DIAMETER 


OF HOLE CENTER OF HOLE MARK MUST 


CONSIDER THE OUTSIDE 
DIAMETER OF THE HOLE TO 
ENSURE THAT IT DOES NOT 
VIOLATE CODES. 


DIMENSION FROM FLOOR IS 
BASED ON FIXTURE BEING — > 
SERVED, AND DIMENSION 
WOULD ORIGINATE FROM 

THE TOP WALL PLATE IF HOLE 

IS CLOSER TO THE TOP 

OF THE WALL. 


FLOOR 


| 


FIGURE 10-23 A wall-stud layout must be based on local codes 
pertaining to hole size and location. 
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CHAPTER 10 


A drain, vent, or water pipe often requires 
horizontal routing within the same wall and poses 
challenges to accommodate the pipes within one 
wall space. Because a 2” X 4” wall is only 3-1/2” 
wide, a plumber must consider all of the piping 
that must be installed within a wall when laying 
out the pipe routes. If a 3” pipe is installed in a 
2" X 4", there is not enough room for water pip- 
ing to cross over the 3” pipe in the same wall. 
The water piping routes are usually less impor- 
tant than the drainage pipe route because the fix- 
ture connection can usually be performed with 
flexible tubing during the trim-out phase. Many 
residential homes use flexible tubing during the 
rough-in phase of an installation, which allows 
offsets to be created around drainage piping in 
a wall. A plumber should lay out piping systems 
with the least amount of fittings and offsets pos- 
sible to expedite installation. Figure 10-24 illus- 
trates a 3” pipe in a 2” X 4” wall that obstructs 
the route of a water pipe. Figure 10-25 illustrates 
a 2” pipe that accommodates a water pipe in the 
same wall. 


from experience... 


Remain creative when laying out the pipe, 
and, while focusing on code regulations, 
also focus on cost-saving installation 


methods. 
PLAN VIEW 
3" VERTICAL HOLE THROUGH 
WALL STUD DRAIN WALL STUD 
3-1/2" | 
VERTICAL 
WATER PIPE 


HORIZONTAL WATER PIPE CANNOT 
CROSS OVER 3" DRAIN WITHOUT 
PROTRUDING FROM WALL. 


E) 
FIGURE 10-24 A 3” pipe installed in a 2” x 4” 

wall does not leave enough room for a horizontal 
water pipe. 
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PLAN VIEW 


2" VERTICAL DRAIN TOWARD 
BACK OF BOTTOM PLATE 


HOLE THROUGH 
WALL STUD 


WALL STUD 


HORIZONTAL WATER PIPE CAN VERTICAL 

CROSS OVER 2" DRAIN WITHOUT WATER PIPE 

PROTRUDING FROM WALL. 
SS S| 


FIGURE 10-25 A 2” pipe in a2” x 4” wall must be 
installed toward one side of the wall to accommodate 
a horizontal water line. 


MANUFACTURER 
ROUGH-IN SHEET 


A fixture manufacturer provides installation re- 
quirements for each fixture on a manufacturer 
rough-in sheet. Some provide installation data 
in book form, which can be obtained by request. 
The information varies depending on the fixture 
being installed. A plumber uses the rough-in sheet 
to determine the drain, hot and cold water loca- 
tions, heights above the floor, and the distance 
between the drain and the water piping where 
it stubs out the wall. Wall-hung fixtures require 
support, either from a manufactured support as- 
sembly known as a fixture carrier or from wood 
backing installed by the plumber to anchor the 
hanger brackets used to install the fixture during 
the trim-out phase. A rough-in sheet indicates the 
height and spread (distance apart) of the hanger 
brackets in relation to the drain and water pip- 
ing. A plumber must verify the dimensions pro- 
vided in a rough-in sheet to make sure that the 
overflow rim of the fixture conforms to the lo- 
cal codes or installation requirements. A manu- 
facturer provides information based on national 
standards, but the dimensions might vary based 
on your local codes and on whether the fixture is 
being used for handicap purposes. If the fixture 
flood level rim varies from the rough-in sheet, 
then all dimensions listed on the rough-in sheet 
will adjust based on that change. If the manufac- 
turer states that the flood level rim of a sink is 32”, 
but your installation requirements dictate 36”, 
then all vertical dimensions provided on 
the rough-in sheet will be increased by 4”. 
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SIDE VIEW 


HANGER BRACKETS 


ee INCLUDED WITH FIXTURE 


RIM OF SINK 


ANCHOR 
HOLE 


— i 


WOOD 
BACKING 


30" 


SEE FIGURE 10-27 FOR PIPING AND WOOD 
BACKING ILLUSTRATION 


FINISHED FLOOR 


cer] 


FIGURE 10-26 A manufacturer rough-in sheet 
provides important information about installing piping 
and fixture support in a wall. 


Figure 10-26 shows a rough-in sheet for a 
wall-hung lavatory. Figure 10-27 illustrates a 
rough-in sheet of a wall-hung sink that requires 
support. It also shows some typical rough-in di- 
mensions. These dimensions might vary from an 
actual installation depending on specific manu- 
facturer requirements, job conditions, or com- 
pany preference. 


from experience... 


Most residential fixtures are basically 
the same regardless of manufacturer; a 
plumber usually installs the rough-in pip- 
ing without referring to rough-in sheets. 
Fixtures such as one-piece toilets, bidets, 
and large-capacity bathtubs generally 
require a rough-in sheet. 


WOOD BACKING FLUSH WITH FRONT OF WALL 


VENT CONTINUES THROUGH TOP PLATE 


WOOD BACKING MAY REQUIRE NOTCHING 
FOR VERTICAL PIPE TO BE INSTALLED 


WATER PIPE REQURES SUPPORT 
(NOT ILLUSTRATED) 


BOTTOM PLATE 


CENTER OF 
HANGER 
BRACKET 


32" 


24" 


M E OF DRAIN 


e i 


FINISHED FLOOR 


FIGURE 10-27 A wall-hung lavatory rough-in has a drain, hot and cold water piping, and wood 
backing installed in a wall. 
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S UMMARY e Vehicle racks have maximum weight loads. 


e Securing materials and ladders to a vehicle rack 
must be performed with proper techniques so 


e Good written and verbal communication skills ; i a 
that items do not fall while driving. 


are required for effective communication. 
Layout of a piping system must include 


e The best form of communication is typically in ; 
fixture types and various plumbing codes. 


writing. 
e Drilling and notching codes must be addressed 


e Verbal communication can increase i 
during an above-ground layout process. 


productivity. 
e Excavated soil placement must be consid- 


ered during a layout process for underground 
installations. 


e Mobile phones and two-way radios are two 
forms of verbal communication. 


e Organizing materials eliminates material 


a 2 
TE Fixture rough-in requirements and fixture 


clearance codes must be known during the 


e Bagging and tagging is a method used to orga- layout process 


nize material for specific tasks. 
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Doe pee ee 


C] Complete material lists and ordering 
processes can save numerous vehicle 
trips to or from a job site. 


Edge Form Layout Procedure 


A wall dimension provided A) PLAN VIEW 
by an architect on a 

blueprint will state either ROUGH DIMENSION 
the rough-wall or the as AA 
finish-wall dimension. If NAIL |< >|. | 
a finish-wall dimension 

is provided, deduct the EDGE FORM 
thickness of the drywall 

or other finish material to IMAGINARY STRING > 
find the rough-wall width. CENTER 
Locate the wall from a OF WALE AiE THE ; 
specific reference point ROUGH WALL 
using a blueprint or shop DISTANCE 
drawing. Measure and 

mark the center of the 

wall from the appropriate 

area, such as the 

perpendicular edge form. s 
Mark the wall width on 
both sides of the center 
mark, which is 1-3/4” on 
each side if the wall is 
a2” x 4” width. With a 
hammer, pound two nails 
into the edge form to 
create the wall width. 


IMAGINARY WALL 
FINISH 
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If the distance from the SIDE VIEW 
edge form to another 
location, such as another STRING BATTER 


PULLED 


edge form, exceeds 100’, IT 


a batter board may be 
required. Drive the batter 
board assembly into the 
ground to show that 

the horizontal portion is 
aligned squarely with the 
nails in the edge form. 
Repeat the wall layout 
process from step A. At 
this point in the layout 
process, four nails are 
installed to secure the 
string. Tie one end of the 
string to any of the four 
nails using a knot that 
will remain secure with 
no pressure applied to the 
string. Route the string 

to the nails located in 

the opposite edge form 
or batter board and then 
back to the remaining nail 
adjacent to the initial knot 
location, which creates 

a rectangle. Tie a cinch 
knot, explained in step C. 


EDGE FORM 
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A cinch knot allows a PLAN VIEW 

plumber to tie string 

quickly and remove it S UP THROUGH 
without untying the knot NAI: LOOP 

or cutting the string. With , LOOSE END OF 
the string in both hands, NAIL HEAD f STRING 

loop it around the nail. 

Wrap the loose end of l «WRAP UNDER WHEN 
the string over and under 4 STRINGIS-TIGHT 
the main string several 

times. Pull the string with 

both hands in opposite oe eure a 

directions to tighten the ig Bae 

string. Once it is taut, 
continue pulling on the PULL STRINGS __| 
main line and insert the SIMULTANEOUSLY 
loose end through the 

loop created around i 


the nail. Release the oe PULE STRING 


. mal dih TO TIGHTEN 
main string line, and the MAIN STRING 


pressure of the taut string OPPOSITE END TIED 
will cinch the loose end to 
complete the knot. 


TO ANOTHER NAIL 


To loosen the cinch knot, PLAN VIEW 
pull the main string 

toward the knot; with 

your other hand, pull the 

cinch knot away from the 

nail; and remove the loop 

from the nail. Reroll the 

string for future use. 


PULL KNOT 
AWAY FROM 
NAIL TO REMOVE 
STRING 


PULL MAIN 

STRING <—— TIGHT STRING 
TOWARD 

KNOT 
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REVIEW QUESTIONS 


1. Material organization techniques 4. Pipe protruding too far from the 
that identify and store material back of a vehicle must be 
within a box or bag are called a. Painted green with white stripes 
a. Bagging and tagging b. Plastic pipe for non-highway travel 
b. Bagging and identifying c. Steel pipe highway travel 
c. Boxing and bagging d. Flagged with a bright color or 
d. Boxing and identifying adhere to other local mandate 
2. Underground layout often requires 5. The most effective form of 
the simulation of wall locations and communication is 
widths using a. Written 
a. Concrete blocks b. Oral 
b. Wall studs c. Voice mail system 
c. String d. Telephone conversation 
d. Trenches 
6. The three basic single-family home 
3. The manufacturer's instructions for designs are slab, basement, and 
installing the piping that serves a a. Two story c. Crawl space 


fixture is provided on a(n) 


b. One story d. Three story 
a. Trim-out sheet 


b. Rough-in sheet 7. To minimize non-productive 
c. MSDS sheet handling of stored material, it can 
d. Architectural blueprint be placed directly 


a. On the floor c. In the back of a truck 
b. On a pallet d. In the attic 


8. Two main wall layout 
considerations are design 
intent and 


a. Codes 

b. Soil type 

c. Concrete thickness 
d. Wall type 


9. A wall-hung lavatory must be 
supported with a fixture carrier or 


a. Drywall 

b. Plastic anchors 

c. Wood backing 

d. Concrete anchors 
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Layout and Installation 


A plumber can determine a pipe 
route on the floor below the fixture 
location by 


a. Partially driving nails into the floor 
b. Asking the carpenter 
c. Using rough-in sheets 
d. Completely removing the plywood 


MSDS is the abbreviation for 

a. Material Safety Data Sheet 

b. Mechanical Sizing Distribution Standard 
c. Material Sizing and Design Standard 
d. Master Size and Design Sheet 


To communicate directly with a 
crane operator typically requires a 
dedicated channel of a 


a. Two-way radio 
b. Mobile phone 
c. Transistor radio 
d. Three-way radio 


A floor joist conflicting with a pipe 
route should be altered by a 

a. Carpenter 

b. Plumber 

c. Mechanical engineer 

d. Electrician 


Layout of a pipe trench can be 
performed by placing string on the 
ground and using 


a. Spray paint 
b. An ink marker 


c. Pencil 
d. Crayon 


If an edge form is not feasible for 
wall layout to install underground 
piping, a plumber can 


a. Excavate additional soil 

b. Use a batter board to pull strings 

c. Install the pipe close to its design intent 
d. Use the excavated soil to secure strings 


16. 


17. 


18. 


19. 


20. 


A plumber must be aware of safety 
concerns when using a pipe rack 
and must know that the rack has 


a. Maximum load ratings 
b. Unlimited load ratings 
c. Minimum load ratings 
d. Minimum and maximum ratings 


To protect the structural integrity 
of wall studs and floor joists, they 
are regulated by 


a. A plumbing engineer 

b. Drilling and notching codes 
c. Drainage codes 

d. Architectural blueprints 


A tool used to transfer the center 
of a hole from the bottom plate of 
a wall to the top plate is called a 


a. Transfer tool 

b. Plate hole aligner 
c. Plumb-bob 

d. Hole aligner 


To expedite the drilling process 
during the wall layout process, a 
plumber can 


a. Indicate the hole or drill bit size on 
the wood 


b. Indicate the type of pipe that will be 
inserted through the hole 


c. Indicate the tool to use for drilling 
the hole 


d. Drill each hole anywhere 


The largest diameter drainage pipe 
that can fit in a 2” x 4” wall is 


a. 2” 
b. 3” 
c. 4” 
d. 1-1/2" 
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e understand correct installation techniques for e understand the basic codes pertaining to burial 
installing a water service. depths and locations. 

e understand the basics of municipal and private e understand and respect water quality issues and 
water systems. regulations. 
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aquifers geologic formations 
containing water 


backfill loose soil placed into 
an excavated area; also called fill 


brackish lowland water close to 
the ocean; has high salt content 


branch a pipe installed laterally 
from a main pipe 


compacting the process of 
compressing loose soil placed back 
in a trench; also known as tamping 
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GLOSSARY OF TERMS 


filter an accessory that removes 
particulates from water, but does 
not purify water 


purification a process to cleanse 
water to ensure that it is potable 


trench an excavated pocket of 
soil to install piping; also known 
as a ditch 


water distribution system 
though an entire system is 
distributing water, this refers to 
the piping inside a house 


water service piping from 

a water meter or well to a 
building; connects to the water 
distribution system 
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CHAPTER 11 


ou have learned about the products 

used to install a water supply system. 

This chapter discusses water sources 
and the distribution and installation of po- 
table water piping to a house. A water ser- 
vice installation includes the piping that runs 
from a water source to an exterior connec- 
tion of a house’s water distribution piping. 
Plumbing codes dictate that a home can be 
considered habitable only if potable water is 
provided. The main sources of potable wa- 
ter are a municipality, community, or private 
source. A well can provide water to a single 
home or a community water supply system 
for a subdivision. A municipal water system 
is considered a public supply source that 
provides potable water to its customers. The 
two sources of water are below ground or 
on the surface, and both are subject to pol- 
lution. Public water supply systems typically 
use surface water, and private systems tend 
to use groundwater. The Environmental 
Protection Agency (EPA) regulates the po- 
table water quality throughout the United 
States. This chapter discusses the impor- 
tance of protecting the drinking water sup- 
ply and the negative impact of pollution. 
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WATER SOURCE ŻŽ 


Potable water, often referred to as drinking wa- 
ter or domestic water, is considered safe for human 
consumption. It is easy to take our clean water for 
granted. Communities throughout the United States 
were established based on the availability of ade- 
quate surface water or groundwater. Lakes, streams, 
and rivers are the three primary sources of surface 
water. Groundwater (aquifer) is the natural wa- 
ter table below the surface. It is the primary source 
for homes using a well pump system. Rainwater 
and natural underground springs (veins) replenish 
the available water above and below ground. Both 
sources of water can become polluted from envi- 
ronmental neglect, and not all pollutants can be 
removed from water to make it safe for drinking. 
Municipalities must remove harmful pollutants and 
purify the water per EPA standards. One benefit of a 
municipal water supply is the addition of fluoride to 
water, which decreases tooth decay. Private well sys- 
tems must also adhere to EPA standards, but inspect- 
ing water quality is the responsibility of the well’s 
owner. It is important to respect the environment 
to minimize pollution that contaminates our water 
sources. A plumber is on the front line in protect- 
ing the water supply, which must be a top priority 
when installing potable water systems. Figure 11-1 
shows the primary sources of surface water. Figure 
11-2 illustrates the primary source of groundwater. 
Figure 11-3 shows the two primary ways that sur- 
face water and groundwater are replenished. 


FIGURE 11-1 Surface water is a primary source of 
water used by many municipalities. 
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GROUNDWATER (AQUIFER) 


FIGURE 11-2 Groundwater is a primary source for private well systems. 


SURFACE WATER 


GROUNDWATER 
(AQUIFER) 


FIGURE 11-3 Underground springs and 
rainwater replenish available water sources. 


Groundwater is typically cleaner than 
surface water because it is filtered as it 
percolates through the soil. Storm water 
runoff can be a primary source of surface 
water pollution. 


PUBLIC WATER SYSTEM 


The EPA defines a public water system as one that is 
in service for a minimum of 60 days per year and that 
provides water to at least 15 connections or 25 indi- 
viduals. Public water system designs vary based on the 
location of their water source, the number of custom- 
ers, and the technological advancements each commu- 
nity adopts. The Safe Drinking Water Act (SDWA) is a 
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federal law regulating public water systems; it creates 
guidelines for local municipalities to define what is 
considered a public water system. Many jurisdictions 
that are not annexed into a town or city are served 
by a community water system that is considered a 
public water system by EPA standards. A homeown- 
ers’ association or a private company maintains most 
community water supply systems. A campground, a 
factory, or isolated residential subdivisions that are not 
annexed into a city are places where community wa- 
ter systems are used. A city might have to use several 
pumping stations and possibly a water tower to have 
adequate pressure to deliver water to its customers. A 
water tower provides pressure within a piping system. 
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One vertical foot of water exerts 0.433 pounds per 
square inch (psi) of pressure. A 100-foot head of wa- 
ter will create 43.3 psi of water when it is not flowing 
through the piping system, which is considered static 
water pressure. High-rise buildings sometimes need 
to install booster pumps to take the water to a height 
that the city water pressure is not capable of delivering. 
Most community water supply systems use ground- 
water as a primary source along with a submersible 
pump located below ground. Figure 11-4 illustrates a 
municipal water system providing water from a sur- 
face water source. Figure 11-5 shows a community 
water supply system that is considered to be a public 
system, but uses a groundwater source. 


WATER 
TREATMENT FACILITY | TOWER 


SURFACE WATER 


à i] 
MOST HIGH-RISE 
BUILDINGS HAVE 
BOOSTER PUMPS a 


FIGURE 11-4 A municipal water supply system is owned by a city 
or town. 


PUMP HOUSE AND 
TREATMENT FACILITY 


SOME HAVE 
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FIGURE 11-5 A homeowner association or private company can own 
a community water supply system that is considered a public system. 
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: from experience... 


Some codes do not allow a plumber to 
+ work on a public water supply system 
: without having a utility contractor license. 


PRIVATE WATER SYSTEM 


Water systems serving fewer than the EPA defini- 
tion of a public water system are considered private 
water systems. A water source used by an individ- 
ual or a few homes is considered a private water 
system. The usual source of water for private sys- 
tems is groundwater, but cottages located on lakes 
or rivers might use the surface water for drinking 
purposes. A well is typically drilled or bored into 
the ground, so a pump can extract water from the 
water table. The nature of soil, rock, or sand is a 
factor in the availability of water and in the health 
of the earth, which dictates the quality of ground- 
water. Deep wells and shallow wells are the two 
basic classifications, both of which are considered 
standard designs. A shallow well is less than 50 
feet deep, and a deep well is more than 1000 feet 
below ground. Deep wells typically provide cleaner 
water than shallow wells. The region of a country 
often dictates how deep a well must be drilled to 
access adequate water. Mountainous regions may 
have natural spring water trapped close to the sur- 
face between rock layers, but flat, arid regions do 
not. Oceanic regions have plentiful groundwater, 
but the water close to the ocean is brackish (having 
a high salt content) and typically not suitable for 
drinking without intense purification. Figure 11-6 
compares different geographic regions and where 
water might be located in relation to the each re- 
gion’s surface. Figure 11-7 illustrates a well used 
to extract water from the ground. 
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from experience... 


- A steel casing (pipe) is installed and : 
grouted in place to stabilize the soil near 

the top of the well. The top of the well 

casing must be capped. 
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FIGURE 11-6 Water quality varies with the 
geographic location and depth below the surface. 


EPA STANDARDS Ž 


Water, regardless of the source, is typically tested for 
pureness by local health administrations and regu- 
lated in each state or county. The presence of certain 
minerals in the water is acceptable; high mineral 
levels can be lowered or removed with water puri- 
fication systems; and sediment can be filtered from 
the water. The presence of arsenic is a major con- 
cern with private water systems. Municipal systems 
are constantly inspected for dangerous levels of ar- 
senic or toxic pollutants, but some private systems 
are not inspected on a regular basis. Development 
of rural areas can change the quality of the ground- 
water and slowly pollute a once-clean source of wa- 
ter. Animal farms, buried fuel tanks, chemical plants, 
or other possible sources of pollution are suspected 
when groundwater becomes polluted. A septic tank 
can also be a source of pollution to groundwater if 
toxic substances enter the drainage system. 


The California State Health and Safety Code 
Section 116875 outlines a law that redefined what 
“lead free” means pertaining to products used in a 
drinking water piping system. Their law states “Be- 
ginning on January 1, 2010, state law prohibits the 
introduction into commerce of any pipe, pipe or 
plumbing fitting, or fixture intended to convey or 
dispense water for human consumption through 
drinking or cooking that is not “lead free” as defined 
in statute. This includes kitchen faucets, bathroom 
faucets, and any other end-use devices intended to 
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FIGURE 11-7 A well is a cavity created in the earth to extract water from the water table below 


ground. 


convey or dispense water for human consumption 
through drinking or cooking. However, service sad- 
dles, backflow preventers for non-potable services 
such as irrigation and industrial, and water distribu- 
tion main gate valves that are two inches in diam- 
eter and above are excluded.” 


The new California law calculates the average 
amount of lead in a system, using a method they 
call “weighted average lead content.” They describe 
it as being “0.25 percent lead in wetted surfaces of 
pipes, pipe fittings, plumbing fittings and fixtures, as 
determined by a weighted average.” California goes 
on to describe this method as “weighted average 
lead content of a pipe and pipe fitting, plumbing fit- 
ting, and fixture is calculated by using the following 
formula: the percentage of the lead content within 


each component that comes into contact with water 
shall be multiplied by the percent of the total wetted 
surface of the entire pipe and pipe fitting, plumb- 
ing fitting, or fixture represented in each component 
containing lead.” For additional information refer 
to http://www.dtsc.ca.gov/PollutionPrevention/ 
LeadInPlumbing.cfm. 


While a plumber does not manufacture products, 
they do select the fluxes and solder used to install cop- 
per piping. Unapproved fluxes and solder can be pur- 
chased, and some are even advertised as lead free. The 
new California law now makes it illegal to sell (intro- 
duce into commerce) products that are not lead free 
in accordance with its definitions. It is the plumber’s 
responsibility to use only approved lead-free products 
and to install a safe drinking water system. 
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Layout and Installation 


WATER QUALITY 


Water clarity is not the same as water quality; 
even crystal-clear water can be contaminated 
with deadly toxins or other contaminants. Water 
purification and filtration systems are very pop- 
ular with private well users, and municipal wa- 
ter systems are purified before they are routed to 
users. Various water treatment applications can 
increase water quality, with the end result being 
potable, or safe, water based on EPA standards. 
The United States operates under an SDWA, 
which was passed in 1974. The act has been 
amended several times since its adoption to deal 
more effectively with the ever-changing environ- 
mental threat to the nation’s water sources. The 
SDWA gives the EPA authority to dictate drink- 
ing water standards and to delegate its regulat- 
ing authority to state or local agencies. Figure 
11-8 illustrates some possible threats to the na- 
tion’s drinking water. 


from experience... 


- A plumber must always install safe piping 
- systems to protect the health of America. 
: This includes using lead-free products and 
: installing piping systems per code. 


ete eereeeecesreceeeeesr eee eeree eee eee ee ® 
. 


There are two levels of EPA drinking water 
standards: the National Primary Drinking Water 
Regulation (NPDWR), which is enforceable by 
law, and the National Secondary Drinking Water 
Regulation (NSDWR), which is a recommended 
standard, but is not enforceable by law. The main 
intent of the NPDWR is to protect drinking wa- 
ter from contaminants that have adverse effects 
on consumers’ health. Regulations pertaining 
to the maximum level of contaminants allowed 
and the approved water treatment processes are 
strictly enforced under the NPDWR. The NSDWR 
is concerned with the discoloration of consumers’ 
skin or teeth and the taste, odor, or color of water. 
State or local authorities can adopt the secondary 
standards as part of their primary standards, but 
the EPA does not enforce the secondary standards. 
It is important for homeowners with a private wa- 
ter source to have it tested on a regular basis, es- 
pecially if massive development occurs in their 
neighborhood. 
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FIGURE 11-8 Environmental threats to the drinking water system of the United States are 
numerous and are regulated by law. 
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WATER FILTRATION 


Water filtration and purification systems are used 
to clean and treat every gallon of water distrib- 
uted by a municipal water system. Water filters 
remove sediment from water and improve the 
taste, odor, and color of water. Contaminants are 
removed, and chlorine, fluoride, and other nec- 
essary chemicals are added during a purification 
process to disinfect the raw source of water. After 
the water is treated, it is distributed to a city, com- 
munity, or individual home, but the piping system 
that carries the water can lower its quality. The 
distribution route can expose the potable water 
to entirely different contaminants. To protect the 
drinking water, codes regulate the products and 
installation techniques used, including the sol- 
vents or solder that connect the piping system. 
Backflow preventers, air gaps, and other forms 
of anti-siphon devices are included in all water 
distribution systems. Water filtration devices 
and individual water filters are common for wa- 
ter dispensers, icemakers, and other point-of-use 
locations. Many kinds of water filters are avail- 
able; some focus on specific tasks such as improv- 
ing taste, removing odor, or clarifying the color 
of the water. A consumer or plumber selects the 
proper filtration method based on the water qual- 
ity improvement needed at the point of use. Ni- 
trate and coliform bacteria are two of the leading 
threats to water quality for private water systems. 
Radon and pesticides can have more devastating 
health effects, and private water systems should 
be tested if specific health problems arise. Figure 
11-9 illustrates a whole-house water filter design. 
Figure 11-10 illustrates a point-of-use water fil- 
tration system. 
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FIGURE 11-9 A whole-house filtration system 
serves the entire system and can include water treat- 
ment features. 
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FIGURE 11-10 A point-of-use filter can improve 
water quality for specific locations of a water piping 
system. 


CAUTION 


Pe 


from experience... 


Water sample kits are available at most 
plumbing supply stores or through your 
state or local health agency. A water sam- 
ple can be submitted for testing; basic 
testing is often free, but testing for some 
contaminants can be expensive. 


WATER SERVICE 
INSTALLATION 


A water service system is made up of the piping rout- 
ing water from a water main or well to a building. It 
is important to understand the relevance of this seg- 
ment of a piping system in relation to codes. Piping 
allowed for water service installations can differ from 
that used in the internal water distribution system of a 
home. Polyethylene (PE) and polyvinylchloride (PVC) 
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are allowable by codes for a water service system, but 
not for a water distribution system within a building. 
Most codes dictate that the smallest size allowable of 
a water service is 3/4”. Public or community water 
systems use water meters to record gallons of water 
used. This allows the authorities to issue an invoice 
for payment. A private water system uses a well and 
does not record the gallons of water used. The ter- 
mination of a water service is the entry point into a 
building where it is connected to the water distribu- 
tion system. Figure 11-11 illustrates a water service 
pipe served by a municipal or community water sys- 
tem. Figure 11-12 shows a water service pipe from 
a private water system; various designs are possible 
with some tanks being in a dedicated pump house or 
within a home. 
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from experience... 


A code book categorizes a water service 
system differently from a water distribu- 
tion system, so a plumber must know 
specific codes for each system. 
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Layout and Installation 


TRENCH SAFETY 


An employee working in and around an exca- 
vated trench must be trained to determine the sta- 
bility of the soil. Occupational Safety and Health 
Administration (OSHA) classifies soil in several 
different categories, and an employer is responsible 
for training all employees regarding current safety 
standards. One qualified individual on the job site 
must be designated as the person responsible for de- 
termining soil stability. Weather can cause changes 
in the soil, and different areas within a trench may 
be classified differently. Rain can soften the soil 
and cause the sides of a trench to slide or collapse 
into the workspace. Cold weather can cause the 
excavated area to freeze, but the frozen area can 
thaw that same day when temperatures rise above 
freezing; therefore, soil conditions may be classi- 
fied differently during the course of an installation. 
In some soil conditions, a trench must be sloped 
when the workspace is 4’ or more below the fin- 
ished grade of the soil. Local regulations might set 
higher standards than those set forth by OSHA. 
Some regulations and soil conditions might dic- 
tate a stepped (benched) design be excavated if the 
trench is 4’ or more deep. The sides of trenches in 
less stable soil must be sloped at a 45° angle, which 


COLD CLIMATE DESIGN 


FIGURE 11-11 A water service pipe connecting to a municipal or community 


water system uses a water meter. 
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FIGURE 11-12 A private water service connects from a well to the house. 


is known as a 1-to-1 ratio. For every foot of verti- 
cal depth, one foot must be provided horizontally 
on each side of the excavated area. For large exca- 
vated areas or trenches that are subject to collapse, 
specially engineered trench boxes (shield) or shor- 
ing may be required. OSHA and local regulations 
may require trench boxes and shoring for all ex- 
cavations in earthquake-prone areas of the United 
States. 


An extension ladder is often chosen as a point 
of entry and escape when people are working in 
trenches, but other safe methods can also be uti- 
lized. OSHA 1926.651(c)(2) states the means of ex- 
iting from trench excavations. “A stairway, ladder, 
ramp or other safe means of egress shall be located in 
trench excavations that are 4 feet (1.22 m) or more in 
depth so as to require no more than 25 feet (7.62 m) 
of lateral travel for employees.” A safety harness with 
a lifeline is recommended for certain trench work, 
even though OSHA may not require it. OHSA may 
consider many pipe trenches to be a permit-required 
confined space, which requires special training, a 
confined-space attendant, safety harness, and an 


air-quality monitoring device. OSHA regulations are 
revised based on an annual review of safe workplaces. 
Do not assume that any information meets regula- 
tions unless it is from a current OSHA publication 
or local guidelines. Excavated soil placed too close to 
the edge of a trench applies weight to the soil and can 
cause the trench to collapse. Always place the exca- 
vated soil a safe distance from the open trench area. 
Review OSHA and local regulations to determine 
the safe distance for soils in your area. Figure 11-13 
illustrates a trench with both sides excavated with 
steps. Figure 11-14 illustrates a trench that is sloped 
at a 45-degree angle or a 1-to-1 ratio. 


CAUTION: Trench safety information in this book 
does not necessarily represent current OSHA 
regulations. It is provided to create safety awareness. 
Never enter an excavated area without being 
properly trained in OSHA standards. A person who 
is OSHA certified in trench safety is needed on job 
sites. When a trench collapses, it can sweep people’s 
feet out from under them, and they can be buried. 
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CAUTION: THIS ILLUSTRATION DOES NOT REPRESENT CURRENT OSHA OR 
LOCAL REGULATIONS. REVIEW ALL SAFETY INFORMATION BEFORE 
PROCEEDING WITH ENTRY INTO ANY EXCAVATED AREA. 
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FIGURE 11-13 A stepped (benched) excavation and a ladder 
or other approved means of entry and escape may be required by 
OSHA or local regulations. 


CAUTION: THIS ILLUSTRATION DOES NOT REPRESENT CURRENT OSHA OR 
LOCAL REGULATIONS. REVIEW ALL SAFETY INFORMATION BEFORE 
PROCEEDING WITH ENTRY INTO ANY EXCAVATED AREA. 
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FIGURE 11-14 Unstable soil requires a trench to be sloped at 45° angle 
and may require other means of protection against collapse. A ladder or other 
approved means of entry and escape may also be required. 
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CAUTION 


BURIAL-DEPTH 
REQUIREMENTS 


Codes that dictate the burial-depth requirements 
of a water service pipe vary based on the frost 
levels of the area. Extremely cold regions may 
have to bury the water service as deep as 5’. 
Regions that rarely experience freezing temper- 
atures may require a burial depth of only 1’. 
A municipal water system is buried in the street 
or utility easement, and a branch pipe is routed 
from a water main into the property being 
served. Homes in cold climates often have the 
water meter installed inside the house because 
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from experience... 


Always keep the edges of the trench free 
of loose debris and rocks. Small objects 
can fall into the trench while you are 
working and can cause injury. 


ot ee eeereeceeeceeeeecsreeeeereeceeeceeeee © 


it would freeze if installed outside. In warm re- 
gions, the water meter is usually installed near 
the street in a box or vault designed for that pur- 
pose. If the placement of the water meter box 
causes the piping connection to be made above 
the required burial depth allowed by code, the 
piping must offset downward to an approved 
depth immediately after the connection with the 
meter. Figure 11-15 illustrates how burial depths 
are determined by codes. 


THE HIGH AREAS ARE NOT CONSIDERED IN DETERMINING BURIAL DEPTH 


FIGURE 11-15 Burial depth is measured from the finished grade to the top of 
the pipe. 
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from experience... 


An inspector usually measures from the 
ground elevation at the time of installa- 
tion and not the expected finished level. 
A plumber must know not only the eleva- 
tion at the time of an installation but also 
the expected finished grade. 


WATER METER CONNECTION 


The water meter connection to the water service 
depends on the type of meter provided by the lo- 
cal water authority. The water meter connection is 
made outside and below ground if an exterior meter 
is installed in an approved box or vault. If the con- 
nection is located inside the building, it is typically 
in a basement or some other location where the 


EXTERIOR WALL STUD 


FLOOR JOIST 


~<— WATER METER 


temperature remains above freezing. Every water 
meter has a direction of flow and an arrow indicat- 
ing which connection is incoming and which is out- 
going. The water service is routed to the incoming 
side of an interior meter and the outgoing side of an 
exterior meter. The municipality or community typ- 
ically installs the water meter and box or vault, but 
may provide only the meter to a plumber when the 
water meter is installed inside. For interior meter in- 
stallations, a plumber routes the water service from 
the connection provided by the municipality or com- 
munity. Some municipalities route the water service 
to the inside of a house, and the plumber connects 
it to the outgoing side of the meter. Most codes dic- 
tate that a licensed utility contractor must install the 
main water piping in the street. For water meters 
installed inside a building, the contractor installs a 
valve known as a curb cock for a plumber to con- 
nect the water service. Some codes require the instal- 
lation of a means of backflow prevention, such as a 
double-check valve assembly, on the customer side of 
the meter. Figure 11-16 illustrates an interior water 
meter connection to the water service. Figure 11-17 
shows an exterior water meter connection to the 
water service. 
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FIGURE 11-16 The water service is connected on the incoming side of an 


interior water meter. 
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FIGURE 11-17 The water service is connected on the outgoing 


side of an exterior water meter. 


: from experience... 


A municipality or other water authority : 
owns the water meter; a plumber cannot 
alter, remove, or repair it. 


Most water meter connections require an 
adapter or pipe nipple for the specific type of pipe 
being installed on each side of the meter. Most 
water meters have a rubber washer similar to a 
garden hose washer and a union connection that 
allow the meter to be removed from service with- 
out cutting the water piping. Some meters have an 
isolation cock (valve) that requires a special tool to 
isolate the water flow through the meter. Most in- 
terior water meters do not have an isolation valve 
and require a plumber to install a valve. Isolation 
valves on both sides of a meter are recommended 
to completely isolate the system if a meter is re- 
moved from service. Figure 11-18 shows a typical 
interior water meter measuring in gallons of water. 
Figure 11-19 shows an interior water meter with 
isolation valves. 
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from experience... 


When no water is being used from a fau- 
cet, toilet, or other point-of-use location, 
a trickle indicator on a water meter in- r 
-_ dicates whether a leak is present in the : 
piping system. : 


WELL CONNECTION 


A water service is connected to a well in one of 
two ways depending on the regional climate. The 
well connection with a steel well casing for cold- 
climate installations is below ground. A two- 
piece fitting known as a pitless adapter allows the 
vertical piping in a well to be removed without 
accessing the below-ground water service piping. 
The pitless adapter is removed from the well by 
first removing the well cap or plug and then in- 
serting a 1"-diameter threaded pipe—either pur- 
chased or fabricated in a T-handle shape. The pipe 
is threaded into the pitless adapter and pulled 
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Courtesy of watermeters.com. 
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FIGURE 11-18 A water meter is connected to the 
water supply system, and it records gallons of water 
that flow through the meter. 
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FIGURE 11-19 Connections to an interior water 


meter typically have an isolation valve on both sides. 
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Courtesy of Simmons Manufacturing Company. 
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FIGURE 11-20 A variety of pitless adapter de- 
signs are available to customize water service well 


connections. 
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upward to remove the vertical piping from the well. 
In warm climates, a pitless adapter is rarely used. 
The piping from the well is often routed through 
the top of the well casing, and a specially designed 
seal is used to plug it. Figure 11-20 compares sev- 
eral pitless adapter designs. Figure 11-21 shows 
how a pitless adapter connects the water service 
to a well. Figure 11-22 illustrates the use of a 
T-handle pipe to remove half of the pitless adapter. 


HOUSE CONNECTION 


Depending on whether the site uses a municipal 
or private source, the water service is connected 
to the water distribution system differently. For 
a private well system, accessories such as a stor- 
age tank and pressure switch must be installed to 
regulate the pressures and the volume capacity of 
the system. For a municipal or community system 
with a water meter, the pressure of water com- 
ing into a house varies depending on the design 
of the system. Codes often dictate that a pressure- 
regulating device must be installed when a wa- 
ter service is connected to the water distribution 
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CHAPTER 11 


FLOW 


WATER 
SERVICE 


< e VERTICAL DROP PIPE 


FIGURE 11-21 A pitless adapter is installed con- 
necting a water service to a well casing. 


system of a building. Codes also dictate that a mu- 
nicipal or community water system must have a 
pressure-reducing valve if the incoming pressure 
exceeds 80 pounds per square inch (psi). A well 
system is controlled by a pressure switch, which 
typically does not allow water pressure to exceed 
60 psi; therefore, some codes do not require a 
pressure-reducing valve. A well system uses a stor- 
age tank at the entry of the water service and typi- 
cally has all the regulating accessories, including 
the required isolation valve, in a central location. 
Every connection between a water service and a 
water distribution system must have an isolation 
valve that is readily accessible. Most codes dic- 
tate that a valve in a crawl space cannot be in- 
stalled farther than 3’ from a crawl space door. 
Some codes allow the main isolation valve to be 
installed outside if it is located in a specially de- 
signed valve box and is no more than 2’ from the 
exterior wall. PVC and PE piping are not allowed 
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T-HANDLE TOOL 


j LIFT TOOL TO REMOVE 
DROP PIPE FROM WELL 


STEEL WELL CASING 


T-HANDLE PIPE SCREWS 
INTO TOP OF PITLESS 
ADAPTER 


A HOLE IS DRILLED IN 
STEEL CASING 


TIGHTENING NUT 


INTERNAL 
HALF OF 
ADAPTER 
WATER 
SERVICE 


INTERNAL FEMALE 
THREADS 
VERTICAL DROP PIPE 


INTERNAL 
FLOW 
PATTERN 


(A) 


PIPE MAY REQUIRE 


PIPE PASSES INSULATION BY CODE 


THROUGH WELL 
SEAL 


RUBBER SEAL 
INSIDE WELL 


VALVES AND 
DEVICES NOT 


H 


(B) 


FIGURE 11-22 The water service from a well 
either originates from a pitless adapter or from the 
top of the well. 


to enter a home according to many codes and must 
be converted to an approved material such as cop- 
per. Figure 11-23 illustrates the typical house con- 
nection between a municipal water service and a 
distribution system. Figure 11-24 shows a typical 
house connection between a private water service 
and a distribution system. 
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EXTERIOR WALL STUD 


FLOOR JOIST 


VALVE MUST BE ACCESSIBLE AND MOST CODES STATE 
NO MORE THAN 3' FROM A CRAWL SPACE DOOR 


ISOLATION TO HOUSE 


VALVE 
~<— 80 PSI MAXIMUM 


$ 


PRESSURE-REDUCING VALVE 


f — WATER DISTRIBUTION SYSTEM 


WATER SERVICE SYSTEM TYPICALLY CANNOT BE 
INSTALLED MORE THAN 5' INTO A BUILDING 
WITH CERTAIN TYPES OF PLASTIC PIPING 


FIGURE 11-23 A connection from a municipal water service to a distribution system requires a 
valve and possibly a pressure-reducing valve. 


NOT ALL DEVICES ARE SHOWN 


FOUNDATION WALL 


TANK 
BASEMENT 
FLOOR 


WATER DISTRIBUTION SYSTEM MUST ADHERE 
TO SPECIFIC TYPE OF PIPE BASED ON CODES 


FIGURE 11-24 A connection from a private well water service to a 
distribution system requires pressure- and volume-regulating accesso- 
ries and an isolation valve. 
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CHAPTER 11 


SAME TRENCH WITH SEWER 


If a water service is installed in the same trench as 
a drain or sewer, backflow could occur. If the drain 
or sewer developed a leak, the surrounding soil 
could become contaminated with sewage. If the wa- 
ter service developed a leak and the water system 
was shut off, the sewage could backflow into the 
non-pressurized water service through the leaking 
area. To protect against backflow, codes regulate 
the installation of a water service in the same trench 
as drainage piping. 


When placing soil back in a trench, the soil must 
be compacted or tamped. The compacting process is 
achieved with a manually operated and motorized 
piece of equipment known as a tamper, which ap- 
plies quick jolting actions to a base plate to com- 
pact the soil in the trench. 


CAUTION 


SAME ELEVATION 


Most codes dictate that a water service installed at 
the same elevation as a sewer must be separated 
from the sewer by at least 5’ of undisturbed or com- 
pacted soil. These codes often dictate that a sepa- 
rate trench must be excavated, which might not be 
possible on some job sites. If a separate trench ap- 
proach is possible, the installation costs increase. 
Excavating a separate trench for a water service in 
a cold climate can mean excavating two trenches, 
each up to 5’ deep, to adhere to burial-depth codes. 
A single trench can be used, but the 5’ of earth sepa- 
rating the two pipes would have to be compacted, 
which would also be very expensive. Figure 11-25 
illustrates a side view of a water service installed at 
the same elevation as a sewer. 


DIFFERENT ELEVATION 


To avoid excavating a separate trench, some codes 
allow the water service to be installed in the same 
trench, but at a higher elevation than the sewer. If 
codes allow using the same trench, the bottom of the 
water service must be at least 1’ higher than the top 
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SIDE VIEW 


TRENCHES MUST COMPLY WITH OSHA 


SAME ELEVATION 


FIGURE 11-25 A water service installed at the 
same elevation may be required by local codes to be 
5' away from the sewer. 


of the sewer, measured from the highest elevation of 
the sewer. Because a sewer is sloped, a plumber must 
install the water service relative to the sewer’s high- 
est point, where it exits the house. The best way to 
ensure code compliance is to excavate a trench with 
a ledge on which to install the water service. The 
piping used for the sewer must be approved for this 
exception, which usually means that cast iron, PVC, 
ABS, or copper must be used. 


ot te eeoeeee eee eee eee eee e eee ese ee eee eee, 


from experience... 


A code book lists approved material for 
water service and sewer piping installed 
in the same trench. Not all materials 
approved for other types of installations 
are approved for installations in the 
same trench. 


For step-by-step instructions on installing a water 
service in the same trench as a sewer, see Proce- 
dure 11-1 on pages 315-316. 
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PERPENDICULAR 
INSTALLATION 


True perpendicular is a pipe that is installed at a right 
angle or 90° from another pipe. Many codes require 
interpretation of intent as opposed to specific defini- 
tions of terms. A water service that crosses a sewer 
trench at any angle is considered perpendicular in 


WATER SERVICE 
INSIDE SLEEVE 


Layout and Installation 


this scenario, because the regulating code is con- 
cerned with the safety of the water supply system. To 
ensure that the water service pipe is protected against 
damage from possible excavation to access the sewer, 
most codes require that pipe crossing a sewer trench 
be installed in an oversized piece of pipe known as a 
sleeve. Figure 11-26 shows a water service pipe in- 
stalled in a sleeve crossing a sewer trench. 


BOTTOM OF PIPE 


pee TOP OF PIPE 


"O 


ILLUSTRATION IS A PREVIOUSLY BACKFILLED TRENCH 


FIGURE 11-26 A water service must be installed in a sleeve when crossing a 


sewer trench. 


SUMMARY 


e Protection of water supply sources must be a 
primary concern of a plumber. 


e Lakes, streams, and rivers are the three primary 
sources of surface water. 


e Groundwater (aquifer) is the natural water 
table below the surface. 


e The Environmental Protection Agency (EPA) 
regulates the quality of municipal water 
sources. 

e Water clarity is not the same as water quality; 


even crystal-clear water can be contaminated 
with deadly toxins or other contaminants. 


e A water service system is the piping from a 
water main or well to a building. 


e An employee working in and around an 
excavated trench must be trained to determine 
the stability of the soil. 


e Codes dictate the burial-depth requirements of 
a water service pipe, which vary based on the 
frost levels of the particular region. 


e There are strict code regulations concerning the 
installation of a water service and sewer in the 
same trench. 


Copyright 2011 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


CHAPTER 11 Water Service Installation 315 


GREEN CHECKLIST 


C] California enacted a new law C] A plumber should ensure that all 
redefining “lead free” on January 1, products used in water supply instal- 
2010. lation comply will all lead-free laws. 


Excavate a trench with a 

ledge that is at least 1’ 

higher than the top of the 

sewer where it exits the ! 
house. Most codes dictate EA] ct 
that the minimum size 

sewer is 4”, and the OD of PEI 


Q 
205 


08 


vq)! 
J000 i) 


TRENCH MUST 


Ge) 
20 


a 4" pipe is roughly 4-1/2”; COMPLY WITH 
therefore, the ledge must OSHA 


oOV. 
oN 


9, 


vO 


be at least 16-1/2” above sais 

the bottom of the sewer SA O MINIMUM È 
trench. The sewer slopes : 
downward from the house 
toward the municipal sewer 
connection or septic tank. 
The initial layout is based 

on the burial depth of the 
water service, which is 
typically dictated by codes 
to be deeper than the sewer 
to protect against freezing. 
The sewer connection at the 
street or septic tank may be 
too high for the trench to 
accommodate this design. 


BOTTOM OF TRENCH 
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Install the sewer and 

water pipe according to 
job conditions and local 
codes. The sewer might 
have to be installed before 
the water service because 
it is lower in the trench. A 
local plumbing inspector 
usually inspects both piping 
systems at the same time, 
so you will not be able to 
place soil over the sewer 
pipe until after an approved svi ee 
inspection. If any portion 

of the ledge collapses as 
you are working in the 
trench, you will have to 
compact the soil to create 
a firm installation bedding 
beneath the water service. 


920) 
en 


ON 
| TO) OP OF IRFE 


HIGH POINT 
OF SEWER 


Placing soil back into CROWN SOIL SLIGHTLY 
the trench is known 
as backfilling. When 


backfilling within the 

footprint of a building or BACKFILL 
in trenches that will have 
sidewalks or driveways PS | COMPACTED 


ALLOWED 12" MINIMUM 
installed above them, the i 
soil must be compacted prea 
more thoroughly than ETEEN E 
in trenches that will be LAYERS e] TOF OF PIPE 
under a grassy landscape. f 
Many codes dictate that 

the first 1’ of soil placed 

on top of the piping must 

be compacted and that 

no more than 6” vertical 

layers can be placed and 

compacted at a time. The 

final backfill soil is placed 

to meet the local standards 

pertaining to vertical layers 

between compacting. It 

is best to crown the soil 

slightly where the trench is 

located, as it will settle over 

a period of time. 


1. 


3: 
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REVIEW QUESTIONS 


EPA is the abbreviation for 

a. Environmental Protection Agency 

b. Earth Protection Agency 

c. Environmental Protection Association 
d. Early Pollution Action 


. Water serving a private water 


system is 

a. Provided by a municipal water supply 
b. Provided by a community water supply 
c. Extracted from a well 

d. Always considered safe to consume 


A water service can be described 
as the piping connecting a water 
source to 


a. The water distribution system in a 
building 

b. A municipal water supply system 

c. A well system 

d. A specific fixture in a building 
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. The burial depth of a water service 


is measured from the finished 
grade of the soil to 


a. The bottom of the pipe 
b. The top of the pipe 

c. The center of the pipe 
d. A water meter 


. Some codes dictate that a water 


service installed perpendicular to 
a sewer must be 


a. Installed above ground 

b. Installed 5’ away horizontally 
c. Sleeved 

d. Below the sewer 


. The two main sources of potable 


water are 

a. Groundwater and surface water 
b. Salt water and brackish water 

c. Leach fields and reclaimed water 
d. Polluted and contaminated water 


. OSHA may define some excavated 


trenches as 

a. Permit Required Confined spaces 
b. Unregulated workspaces 

c. Non-threatening 

d. Above-ground spaces 


A 1-to-1 slope of a trench creates a(n) 
a. Step-design trench 

b. 45° sloping trench 

c. Vertical wall trench 

d. 11° slope 


. A water service is connected to a 


well casing below ground with a 
a. Water service well connector 

b. Male adapter 

c. Pitless adapter 

d. Female adapter 
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10. Some codes allow a water service 15. 
to be installed in the same trench 
as a sewer if it is a minimum of 
a. 12” above the top of the sewer 
b. 12” below the bottom of the sewer 
c. 12” to either side of the sewer 
d. 24” below the sewer 

11. The minimum-size water service 16. 
allowable by most codes is 
a. 12” 
b. 3/4” 
E 
d. 1-1/4" 

12. Water quality can be improved by 
purification and 
a. Filtration 17. 
b. Bottling 
c. Circulation 
d. Well injection 

13. Three common non-health-related 
problems with some well water 
that can be improved by a filter are 
taste, 
a. Color, and arsenic 18. 
b. Toxins, and arsenic 
c. Odor, and color 
d. Color, and toxins 

14. The abbreviation SDWA stands for 


a. Sanitation Department and Water 
Authority 


b. Sanitary Domestic Water Action 
c. Safe Drinking Water Act 
d. Safe Domestic Water Act 


Some codes dictate that a pipe 
trench must be backfilled and 
compacted with 


a. 6” layers until 12” above the pipe 
b. 12” layers until 6” above the pipe 
c. 12” layers until 12” above the pipe 
d. 6” layers until 6” above the pipe 


A water service installed at the 
same elevation below ground as a 
sewer must be 


a. Installed in a sleeve 


b. Separated from the sewer by 5’ of 
compacted or undisturbed soil 


c. Aminimum of 12” from the sewer 
d. Surrounded by concrete 


A municipality sells water to 
customers, and the number of 
gallons of water used is recorded 
with a 


a. Water meter 

b. Gallons recorder 
c. Pressure regulator 
d. Gallons gauge 


Most codes dictate that a water 
distribution system in a home 
cannot be more than 


a. 12” above the ground 
b. 80 psi 

c. 3’ from the floor joist 
d. 180 psi 
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19. Most codes dictate that a main 20. To provide access in and escape out of a 
isolation valve in a crawl space be pipe trench, OSHA may require 
a. No farther than 3’ from the crawl a. An extension ladder 
space door b. A scaffold 
b. No closer than 3’ from the ground c. A backhoe 
c. No closer than 2’ from the crawl d. A rope 
space door 


d. No farther than 6” from the ground 


KNOW YOUR CODES 


1. Research and share with the class your codes pertaining to the 
distance outside a building that you must transition from a water 
service pipe to a water distribution pipe. If PVC pipe was used 
from the meter to the house, how far outside the house must the 
transition to an approved material be performed? 


2. Research the minimum burial depth of a water service pipe. 
If your code states that it must be a minimum depth below 
frost level, research the frost level in your area. Many codes 
provide a two-part regulation based on a minimum below 
frost level, but provide a minimum depth as well. What 
does your code provide? 
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WHAT’S WRONG WITH THIS PICTURE? 


Review Figure 11-27, and look for a code violation. Consider all possibilities. 


WRONG 


FIGURE 11-27 Codes regulate the types of pipes that can be connected together. 
Dissimilar piping must be connected using approved methods. Copper connected to steel 
causes corrosion at that connection point and introduces rust into the water system. Rust 
particles or metal flakes can plug strainers, aerators, and devices. Copper pipe is a thin- 
ner product than steel pipe, which can result in copper leaking. Metal flakes or rust caused 
by corrosion can cause the wall thickness of the copper to wear thin and develop pinholes 
resulting in leaks. 


RIGHT 


FIGURE 11-28 Both connections shown are legal. The steel pipe is considered dis- 
similar to copper and is connected using a dielectric union. The brass pipe is considered 
similar to copper and can be connected directly using a copper female adapter. Other 
approved materials, such as rubber gaskets or plastic isolators, are also used to connect 
copper to steel. The goal is to ensure that the two dissimilar metals do not directly connect. 
Plastic pipe or PEX can also be used to connect copper to steel. 
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A LRTI paper ery 


CHAPTER 


Water Distrioution Installation 


OBJECTIVES Upon completion of this chapter, the student should be able to: 


know the correct techniques for installing a know drilling and notching codes to ensure the 
water distribution system. structural safety of a building. 


respect that a plumber installs water piping per understand the rough-in aspects of a water 
code and protects water quality. supply to specific fixtures. 
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brazing welding process used 
without flux to weld copper tube; 
also known as silver soldering 


flux chemical paste used to 
solder copper tube 


Intemational Plumbing Code 
(IPC) a model code developed by 
the International Code Council (ICC) 
designed to be amended and adopted 
by a state code or city 


joint fitting connection to a 
pipe 


joist a horizontal board that 

is part of a complete framing 
system; categorized as floor and 
ceiling joists 
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GLOSSARY OF TERMS 


partition a non-load-bearing 
wall designed to separate rooms, 
not to support a structural load 


silver solder a metal filler 
used to braze copper tube; it 
has high silver content and is 
in stick form 


solder a metal filler supplied in 
roll form to solder copper tube; 
it cannot contain more than 2 
percent lead 


soldering the process of welding 
copper tube using flux and solder 


stud a vertical board to create a 
wall; categorized as load-bearing 
and non-load-bearing 


torch a tool that is ignited to 
create a flame to solder or braze 
copper tube 


Uniform Plumbing Code 
(UPC) a model code developed 
by the International Association 
of Plumbing and Mechanical 
Officials (IAPMO) designed to be 
amended and adopted by a state 
or city 


water supply fixture unit 
(wsfu) used to determine 

the flow from a faucet into a 
plumbing fixture, and one wsfu 
is equal to one gallon per minute 
(3.79 liters) 
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CHAPTER 12 


ou have learned about water service 

piping and how water is routed into a 

building. In this chapter, you will learn 
how to install a water system in a residen- 
tial house. The type of material installed can 
dictate your layout approach, but the design 
intent of a building will be the same regard- 
less of material type. An architect indicates 
where the plumbing fixtures are located, 
and a plumber provides hot and cold water 
connections to them. The type of fixture dic- 
tates where to install the water supply that 
is connected to faucets, and plumbing codes 
dictate the minimum size of the piping and 
the routing through walls and ceilings. This 
chapter discusses installing a piping system 
and the basic sizing needed based on fixture 
requirements. This chapter introduces you to 
the hands-on aspect of the plumbing trade 
and reminds you of the importance of focus- 
ing on safety while performing any task. In- 
stalling a water distribution system requires 
a plumber to work from a ladder, use power 
tools and chemicals, and solder copper pipe 
with a torch. Remember that safety is more 
important than productivity; an injured 
worker cannot be productive. The impor- 
tance of water quality has already been dis- 
cussed. Recognize that you are responsible 
for protecting the health of anyone drinking 
water from the piping you install. Install- 
ing systems is where a plumber must know 
and comply with laws, codes, and any other 
regulations, such as using correct products. 
Installing lead-free solder and fluxes, us- 
ing the correct types of solvent cement, and 
certainly installing only code-approved pipe 


and fittings are a few examples. 
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LAYOUT AND SIZING 


The layout of a water distribution system var- 
ies based on the job site and the fixtures being 
served. Basic considerations and techniques dis- 
cussed in this chapter demonstrate that creativity 
is essential in installing a water distribution sys- 
tem. Water piping is typically installed after the 
drainage and vent piping because the water pip- 
ing system consumes less space in walls and ceil- 
ings, and the code regulations are less strict. The 
layout process begins with locating where each 
fixture is installed, determining what the require- 
ments are for each fixture, finding out where the 
water service enters the building, and determin- 
ing the route of the main piping system. Once 
you know the main route, you can decide how the 
smaller branch pipes will be connected or routed. 
The rough-in and termination of the water pip- 
ing are based on the specific fixture and often on 
company preference to increase productivity. In 
previous chapters, you learned about rough-in 
sheets to install piping based on the manufactur- 
er’s requirements. Most residential fixtures allow 
for the water piping to be installed without using 
rough-in sheets because most residential fixtures 
typically allow for minor deviations from or use 
of company preferences of heights and distances 
of the stub-out locations. Codes state that the 
hot water must be installed on the left side of a 
fixture unless otherwise directed by the fixture 
manufacturer. 


PIPE SIZING 


Commercial blueprints mostly indicate the pipe 
sizes and routes, but residential blueprints usu- 
ally do not. This leaves the pipe routing and 
sizing decisions to the company or individual 
installing systems. The sizing of a system de- 
pends on the quantity and type of fixtures being 
served. You will not be expected to know theo- 
retical pipe sizing at this stage in your career, but 
you should know proper code book use and ba- 
sic pipe-sizing principles. A code book indicates 
the minimum size pipe that can be routed to each 
type of fixture; when all calculations are finished, 
you will determine the actual pipe size to install. 
This process is simplified by plumbing code offi- 
cials dictating the maximum number of fixtures 
that can be served on a specific pipe size. This re- 
moves the design aspect from the piping process 
on a job site. The design criteria for sizing the 
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piping system is based on the maximum number 
of gallons per minute or per flushing cycle of a 
particular fixture, and then it is calculated for all 
the fixtures combined. All residential fixtures are 
not used at the same time, so a residential piping 
system is designed differently from a commercial 
water distribution system. You must first under- 
stand the difference in the segments of a water 
distribution system before using the sizing charts 
in a code book. The three main segments are the 
main, branch main, and individual supply. An 
individual supply is a pipe serving one fixture; 
this is where a design approach is initiated. Cal- 
culating the requirements of a single fixture and 
then totaling the requirements for all fixtures 
served determines the flow requirements of the 
entire water distribution system. Figure 12-1 il- 
lustrates the three main segments of a water dis- 
tribution system. The sizes of individual fixture 
supply pipes are found in charts in a code book. 
The International Plumbing Code (IPC) and the 
Uniform Plumbing Code (UPC) differ slightly in 
their pipe sizing allowances. The IPC identifies 
the water supply to a single fixture as the indi- 
vidual water supply, but the UPC indicates that 
same piping as a branch pipe serving an individ- 
ual fixture. Table 12-1 lists common residential 
fixtures and the minimum individual pipe size 
that can serve each fixture type and includes IPC 
and UPC comparison. There are many excep- 
tions, so you must always read footnotes listed 
with the chart or table. If a fixture is not listed 
in a code book, use the manufacturer’s recom- 
mendation for minimum pipe size. If a manufac- 
turer dictates a larger minimum pipe size for a 
specific fixture or faucet than what is listed in a 
code book, the larger size is considered to be the 
minimum requirement. 


UP TO SINK 
INDIVIDUAL SUPPLY 
MAIN 


INDIVIDUAL 
SUPPLY 


HOSE BIBB 


BRANCH 


WATER MAIN 


SERVICE 


INDIVIDUAL 
SUPPLY UP TO 

HOSE BIBB TUB 
A) 
FIGURE 12-1 Three main segments of a water 
distribution piping system are the main, branch main, 
and individual supply. 


TABLE 12-1 Common Individual Fixture Pipe Sizes 


Sizes based on International Plumbing Code (IPC) 
and Uniform Plumbing Code (UPC) 


IPC Smallest UPC Smallest 

Fixture Size Size 
Bathtub 1/2” EIA 1/2” 
Large-Capacity 1/2” (3/8") Not 

Bathtub Identified? 
Bathtub 3/4” Not 3/4" 

Fill Valve Identified? 
Bidet 3/8" 1/2” 
Dishwasher n Ve? 
Hose Faucet We" 1/2” 
Kitchen Sink 1/2” (3/8”)! 1/2” 


Laundry Sink 1/2" (3/8")! 1/2” 
Lavatory Sink 3/8" 1/2” 


Shower with 1/2” (3/8) ' 1/2” 


One Head 


Toilet 1/2” (3/8")' 1/2" 


'Sizes can be one pipe size smaller based on the distance the 
pipe travels, pressure within the piping system, and whether 
the piping is installed as a manifold system in a parallel 
manner. 

2The IPC does not list this as an option. 

3The UPC does not list this as an option. 


from experience... 


The sizes indicated in a code book are 
minimum standards; a plumber typi- 
cally installs 1/2” pipe in walls even if 

a code book allows 3/8”. The sizes in- 
dicated in a codebook that are smaller 
than 1/2” are for the final connection to 
a fixture. 


ote eee eee eee eeeeeseee ee eee eee seeee ® 


SIZING THEORY 


Theory—determining the available water of a 
certain pipe size based on volume and pressure— 
plays a major role in pipe sizing. The outcome 
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of the calculation is the number of gallons that 
can be delivered to adequately supply a specific 
fixture. A water supply fixture unit (wsfu) is the 
term used to describe the end result of a flow 
calculation. The pipe size determines how much 
water is in a pipe, and the pressure determines 
how fast the water can be delivered to a fixture. 
Code books allocate a wsfu value of specific fix- 
tures. Most residential fixtures have a hot and 
cold water supply, and the faucet type is often 
the determining factor of water flow. Code books 
will list the hot and cold values separately, but 
allow a deduction of the wsfu value when a fix- 
ture has hot and cold water supplied. The UPC, 
for example, allows a 25 percent deduction of 
the listed value when a fixture is served with hot 
and cold water. 


Knowing theory is important when taking 
a plumbing exam or as a career develops into 
a management position. Although an appren- 
tice and a plumber installing piping systems on 
a job site are not expected to know the theory 
of a water piping system, most training programs 
include some basic sizing information. The rate 
the water flows through the piping is known as 
velocity, which is measured in feet per second. 
The gpm requirement of a piping is determined 
by calculating the velocity, but if the same pres- 
sure is exerted in a 1/2” pipe and a 1” pipe, the 
larger pipe will produce more gallons of water 
per minute. Doubling a pipe size does not pro- 
vide twice the amount of water. Two 1/2” pipes 
do not have the same capacity as one 1”, even 
though the mathematic approach indicates that 
would be true. A 1” pipe has the same capac- 
ity as four 1/2” pipes. The theoretic explanation 
derives from knowing that the square area of a 
circle is less than the square area of an equal size 
square. The circle only consumes 78-1/2-percent 
of that square. Pi (7) is the ratio of the circum- 
ference of a circle to its diameter. In mathemat- 
ical formulas, its value is 3.1416. The 0.7854 
(78-1/2 percent) used in the formula is derived by 
dividing pi by 4 (3.1416 + 4 = 0.7854). Figure 12-2 
illustrates the square area of a circle compared 


with that of a square. Another widely used term _.’.. 


in the pipe-sizing process is the cross-sectional 
area of a pipe. The term cross sectional refers to 
diameter because a pipe is circular and does not 
have a length and width. Cross-sectional infor- 
mation is used more often when a code refers to 
an effective opening of a drain. 
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| WIDTH 
—— 


~— CIRCLE CONSUMES 78-1/2 


| | PERCENT OF THE EQUAL- 


SIZED SQUARE 
BLUE AREAS REPRESENT THE AREA 
NOT CONSUMED BY THE CIRCLE 


FIGURE 12-2 A circle consumes 78-1/2 percent of 
an equal-sized square. 


: from experience... 


Theory is important for taking a plumb- 
ing exam, but most plumbers on a job 
site use codes to size pipe and do not 
perform sizing calculations. The pres- 
sure of the piping system, the type of 
pipe used, and the total length of pipe 

- and number of fittings installed play a 

: major role in the actual gpm that flow 
through a pipe. The velocity of the water 
determines the acceptable gpm per code. : 
A code book lists the minimum gpm re- — : 
quirements of specific fixtures. If this the- - 
oretic information intrigues you, and you 
would like to learn more about the engi- 
neering process, refer to a code book or 
professional sizing manual for in-depth 
explanations of the complex procedures 
involved. 


See Procedure 12-1 on page 358 for step-by-step 
instructions on determining the volume of different 
pipe sizes. 
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JOB-SITE SIZING 


A plumber must know the minimum pipe size that 
can serve a specific fixture based on codes, manufac- 
turer recommendations, and company preference. 
However, the pipe actually installed on a job may be 
larger than the minimum standards to increase pro- 
ductivity. Another factor is the type of connections 
to valves located beneath a fixture. Both a toilet and 
a sink use an isolation valve known as a stop. The 
most common stop connects 1/2” (5/8” OD) pipe to 
3/8” OD tubing. The 1/2” pipe stubs out the wall 
or through a floor, and the 3/8” portion of the stop 
is connected to the fixture with supply tubing. The 
size of the stop to be installed is often more impor- 
tant than the codes in determining the size of the 
rough-in water pipe. Some codes allow two fixtures, 
each with a 1/2” or less individual supply pipe size 
requirement, to be served by a 1/2” branch main; 
other codes allow three fixtures on a 1/2” pipe. 
Many companies install 3/4” pipe up the last branch 
connecting two different fixtures to eliminate any 
potential volume problems. Figure 12-3 illustrates 
common piping installations for residential plumb- 
ing fixtures. 


Ce ee 


from experience... 


A code book indicates minimum sizing, 
but company preference often dictates the 
installation of larger piping. 


The specific fixture dictates the termination 
point of an individual supply pipe. A faucet serv- 
ing a shower and tub terminates with its connection 
to the faucet. A sink, bidet, and toilet have exposed 
termination points with stops installed below the 
fixture. A washing machine and icemaker termi- 
nate to a dedicated outlet box, and the appliance is 
connected to the isolation valves within the box. A 
dishwasher usually uses the same water supply that 
serves the kitchen sink; a 3/8” OD tubing is routed 
under the sink to the dishwasher. Most codes dictate 
that the individual supply piping must be routed to 
within a set distance near the fixture it serves to en- 
sure adequate water flow to the fixture. An exam- 
ple of a possible code in your area would be that 
the isolation valves serving a sink must be no more 


than 30” from the faucet connections. An exception . 


COLD WATER DISTRIBUTION SYSTEM TO FULL BATHROOM 


SHOWERHEAD 


TUB AND SHOWERHEAD DO NOT 
INCREASE SIZE OF INDIVIDUAL 


SUPPLY PIPING TýBEPOUT 1/2" TO TUB 


AND SHOWER 


1/2" TO LAVATORY 
THIS IS ALWAYS 


INSTALLED WITH 1/2" 


MOST CODES ALLOW 1/2", BUT 
SOME COMPANIES INSTALL 3/4" 


1/2" TO TOILET 


3/4" 


COLD WATER SUPPLY TO HALF BATHROOM 


1/2" TO TOILET 


1/2" TO LAVATORY 


A TOILET AND —> 
LAVATORY ARE 
TYPICALLY NOT 
USED AT THE 
SAME TIME AND 
1/2" IS ADEQUATE 
IF ALLOWABLE 
BY CODE 
-=E 


FIGURE 12-3 Job-site pipe sizing varies based on 
local codes and company preference. 


MOST CODES ALLOW 1/2" AND 
SOME COMPANIES INSTALL 3/4" 


to this type of code usually includes a dishwasher 
connection because most dishwashers are pro- 
vided water from the same isolation valve area as 
the kitchen sink and would require the tubing to be 
more than 30”. The pipe size for a toilet and sink is 
reduced from 1/2” to 3/8” at the isolation stop be- 
low the fixture, which explains why the 30” maxi- 
mum distance is important. Figure 12-4 illustrates 
a typical kitchen sink water supply system serving a 
kitchen faucet and dishwasher. 


from experience... 


The actual piping arrangement below a 
kitchen sink is determined on a job site 
based on the conditions and fixture layout. 
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3/8" TUBING UP TO FAUCET 


WALL PENETRATION 
BEHIND CABINET ——> 


1/2" HOT AND COLD PIPE MUST ———>- 
BE INSTALLED NO FARTHER THAN 
30" FROM THE FAUCET CONNECTION 
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ISOLATION VALVE UNDER SINK 


3/8" TUBING TO 
DISHWASHER 


CONNECTION 


INSTALLED THROUGH KITCHEN 
CABINET UNDER SINK 


DISHWASHER SUPPLY CAN BE MORE THAN 
30" FROM ITS CONNECTION BECAUSE 3/8" 
IS THE ALLOWABLE SIZE INDICATED IN A 
CODE BOOK 


FLOOR PENETRATION IN WALL 


FIGURE 12-4 A dishwasher water supply typically originates below a kitchen sink. 


WALL LAYOUT 


The wall rough-in for a water distribution system 
is determined by the fixture type and the job site. 
There are standard dimensions for typical fixtures, 
but company preferences vary. A plumber makes 
sure that the piping that stubs out a wall accommo- 
dates the fixture being served. A sink installed in a 
countertop offers more flexibility as to where a pipe 
terminates than does a stub out serving an exposed 
fixture connection. Because water flows through 
the piping system under pressure, the piping can 
be routed in any position to accommodate specific 
job conditions. Drainage piping, on the other hand, 


TABLE 12-2 Common Fixture Water 
Pipe Requirements 


Fixture Hot Cold Stub Out 
Bathtub! Yes Yes No! 
Icemaker No Yes No 
Kitchen Sink Yes Yes 

Laundry Sink Yes Yes 

Lavatory Yes Yes 

Shower Yes Yes 

Toilet No Yes 


Washing Machine Yes Yes 


1 Large-capacity and whirlpool tubs often use deck-mounted 
faucets and do not use in-wall piping. 

2 Bathtub spout and shower head pipes stub out, but water is 
connected to faucet in wall. 


must be installed with specific fittings and in certain 
positions to allow the water to flow by gravity. The 
water piping system is typically installed after the 
drainage and vent system because it has less critical 
installation requirements. Not all fixtures require a 
hot and cold water supply, nor do all of them re- 
quire stub-out pipes. Table 12-2 lists common fix- 
tures and their specific requirements. 


TOILETS 


A plumber installs the in-wall piping for a toilet 
based on the location of the center of the toilet, with 
the standard dimension being 6” to the left of the 
toilet center. The stub-out location is standard for 
most toilets. If a one-piece toilet is being installed, 
the plumber must use a rough-in sheet provided 
by the manufacturer. Two-piece toilets with a sepa- 
rate tank and bowl allow for a slight variation as 
to where the stub out is installed. A company may 
want specific rough-in heights from a floor, but the 
stub-out location on the left side of a toilet is con- 
sidered industry standard. A rough-in occurs be- 
fore any flooring material is installed. If the floor 
is being tiled, the plumber must install the water 
piping higher to accommodate the tile. The wood 
trim known as base molding is higher in many cus- 
tom homes than spec homes. If the plumber installs 
the stub out too low, the piping conflicts with the 
base molding. If the stub out is too high, making 
the final connection to the toilet may be impossi- 
ble. A water piping wall layout may be on a lower 
floor than the toilet if the water supply serving it is 
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installed through the floor. This installation is rare 
in new construction, but is often used in renova- 
tions. Figure 12-5 illustrates a standard water and 


floor stub out for a two-piece toilet. 


from experience... 


Stub-out pipes typically extend 6” from 
the wall or above the floor. 


WALL STUB OUT 


IN-WALL PIPING 
IS BASED ON 
JOB CONDITIONS 


CENTER 
OF TOILET 


6" 


M TOILET DRAIN 
FINISHED 
FLOOR 


DIMENSION CAN VARY SLIGHTLY 
BASED ON PREFERENCE 


FLOOR STUB OUT 
CENTER 
OF TOILET 
12-1/2" 
SECOND FLOOR fait 
— r ai 
AEE RAN (CAN VARY SLIGHTLY) 
FINISHED 
FLOOR 


FIRST FLOOR 
WALL STUD —> 


FIRST FLOOR CEILING 
[=] 


FIGURE 12-5 A two-piece toilet has a standard 
stub-out location and varies in height installed above 
the floor. 


LAVATORIES 


A lavatory installed in a countertop has differ- 
ent requirements from a pedestal lavatory. The 
area inside the sink base cabinet is not visible, so 
a plumber can install the stub out without being 
exact. A pedestal sink has visible piping below the 
sink. A plumber must install the stub outs at the 
same height and a specific distance apart from 
the center of the pedestal sink. The water stub out 
is typically centered with an 8” spread for a cabi- 
net-type sink. The stub out for a pedestal sink usu- 
ally has a 4” or 6” spread, so the isolation stops and 
flexible faucet tubing are more visually appealing. 
The maximum height for most lavatory water pip- 
ing regardless of its type is 21” above the finished 
floor. As with many vertical dimensions, company 
preference and specific fixture types may vary. Fig- 
ure 12-6 shows a wall and floor stub out for a 
countertop-type lavatory. Figure 12-7 illustrates a 
wall and floor stub out for a pedestal lavatory. 


from experience... 


The height above the floor a stub out is 
installed is often determined by company 
preference. Many companies locate the 
water piping for a countertop lavatory 

at about 14”. This requires longer supply 
tubes, but the isolation valves do not con- 
flict with the drain assembly. 


BATHTUBS 


Most bathtubs are used for bathing and showering. 
As shown in Figure 12-8, using a combination tub 
and shower (T&S) faucet does not change the sizing 
requirements for the individual fixture supply. The 
faucet and associated piping for a one-piece tub and 
shower unit as well as the unit itself are installed 
in the wall during the rough-in phase of construc- 
tion. This lets a plumber know the installation re- 
quirements for a particular faucet. A manufacturer 
provides installation instructions indicating where 
the faucet is in relation to the finished wall. Many 
walls that surround a bathtub are tiled or have a 
solid surface such as marble. A plumber must read 
the instructions before installing a faucet in a wall 
during the rough-in phase to avoid accessing the 
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WALL STUB OUT 


IN-WALL PIPING 
ROUTE IS BASED ON 
JOB CONDITIONS 8" 


21", BUT CAN 
VARY IN SPACE 
UNDER SINK 


M HOT WATER ——> COLD WATER 
FINISHED 
FLOOR LAVATORY DRAIN 


FLOOR STUB OUT 


SECOND FLOOR 
WALL STUD ———> 


SOME CABINETS 
HAVE A RECESSED 
AREA THAT MUST 
BE CONSIDERED 
IN THE LOCATION 
WHEN RISING 
FROM THE FLOOR 
BELOW 


CABINET OUTLINE | 
Ke > 


6" (CAN VARY 
SLIGHTLY) 


FINISHED 


~<— STOP IS FLOOR 


INSTALLED 


FIRST FLOOR 
WALL STUD ———> 


FIRST FLOOR CEILING 
SESS O a SSS Ssz 


FIGURE 12-6 A lavatory installed in a countertop 
allows for more variable stub-out locations. 


wall for corrective action during the trim-out phase. 
Figure 12-10 illustrates a plastic protector with a 
wall-thickness gauge that is used on tub and shower 
faucets. The height of a shower head and tub spout 
is determined by the specific installation. Most com- 
panies use a standard rough-in height, but prefer- 
ence can determine the actual installation. 


Water piping routed from a floor below can be 
within the wall or through the floor. An open space 
on the floor is created when a tub is installed. If 
the wall is located directly over a floor joist, the 
holes for the water piping can be drilled through 
the floor, and the piping can be offset in the wall 
under the tub. A tub spout must be far enough 
above the height of the tub to avoid violating the 
air gap code. A shower head must be located so 
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WALL STUB OUT 


IN-WALL PIPING THIS CAN 
ROUTE IS BASEDON! 4" [M ALSO BE 6" 
<> 


| 
JOB CONDITIONS | i CANOUIGE 
j l 3" IF SPREAD 


IS 6" 


VENT 


21", BUT CAN VARY 
BASED ON TYPE 
OF SINK INSTALLED 


HOT WATER —> ~<— COLD WATER 


- 


FINISHED 
FLOOR LAVATORY DRAIN 


FLOOR STUB OUT 


SECOND FLOOR 
WALL STUD ——>| 


r<— PEDESTAL 
OUTLINE 


THIS VARIES 
BASED ON TYPE 
OF SINK AND JOB 
CONDITIONS 


<—————_+—. STOP IS 
INSTALLED 
| 


| 
| 
| 
i | 
i | 
i | 
h | 
i | 
| 
| 
| FINISHED FLOOR 


FIRST FLOOR 
WALL STUD ——>| 


FIRST FLOOR CEILING 
[Ej 


FIGURE 12-7 A pedestal sink requires that the 
stub outs are more exact to create a professional 
appearance. 


that it does not conflict with the top layer of wall 
tile or the top of a one-piece tub and shower unit. 
Large-capacity bathtubs, such as a garden (roman) 
tub or a whirlpool tub, often do not use a shower 
head. The faucet is frequently installed on a plat- 
form that supports the tub; this is known as a deck- 
mounted installation. Many large-capacity tubs 
have a faucet ledge on the tub to receive a faucet. 
The tub and faucet are typically installed during 
the rough-in phase. If a large-capacity tub will be 
installed during the trim-out phase, the water sup- 
ply is routed to the area where the faucet will be 
installed. Handicap codes regulate specific heights 
and distances of faucets from walls and placement 
of handheld spray units. A plumber must refer to a 
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SHOWERHEAD ROUGH-IN CORNER OF WALL | 


TYPICALLY 6'-6" 
(VARIES) PLUMBER 
INSTALLS 
WOOD 
TO FLOOR SUPPORT 
VARIES 


FAUCET 


WOOD AND 
SUPPORT 


15" (VARIES) 
TUB SPOUT 


ROUGH-IN 


OUTLINE OF TUB 


(VARIES) 


A 
DS 
15" (VARIES) 


10", 12", OR 14" 
(VARIES) 


OVERFLOW 


FIGURE 12-8 A tub and shower faucet installation varies based on fixture type 
and company preference. 


code book for handicap installations. Figure 12-8 SHOWERS 
shows a tub and shower faucet installation. Fig- 
ure 12-9 illustrates a water pipe routing through a 
floor serving a large-capacity tub. 


A shower faucet is similar to a tub and shower fau- 
cet, but it does not have the tub spout connection. 
A shower faucet installation is the same as that of 
the tub and shower faucet illustrated in Figure 12-8, 
F i i with the faucet style determining the actual instal- 
1 fr om exper tence... ; lation. The shower head height is usually 6'6” from 

: f ; d the finished floor of the shower. The distance of the 
A tub and shower faucet is typically in- faucet above the floor varies depending on company 
stalled in the center of the bathtub, but S preference, but generally ranges from 3’ to 4’ from 
master bathrooms often have customized : the finished floor of the shower. For a tiled shower, 


: i i : a plumber must know the finished wall thickness 
: designs. Handicap tub and shower faucets : from the wall studs. A faucet has a plastic protector 


ot eee eoceceeeere eee eee ese eee eee eee eee eee y 


- are not always centered; they are often : and wall-thickness gauge to protect the faucet finish 

i located on the side wall opposite the r and to indicate where to install the faucet based on 

’ : 7 r various job-site conditions. The center of the faucet 

j drain location. r is usually centered in the shower. One-piece shower 

a te ee eats ar ee eae units may have a dedicated area to install the faucet. 
F ot 7 Handicap showers have factory-installed grab bars 
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OUTLINE OF BATHTUB 


SPACE UNDER TUB 
ALLOWS PIPE TO BE 
ROUTED THROUGH 
FLOOR 


FIGURE 12-8 (Continued) 


with the faucet placed in a dedicated area above 
them. Some showers have handheld spray units and 
multiple shower head features that dictate the place- 
ment of flow-control devices and valves. The actual 
installation is based on job-site conditions and man- 
ufacturer’s instructions. Figure 12-10 shows a plas- 
tic protector and wall-thickness gauge for a typical 
single-handle shower faucet. 


ot te eeeeee eee eee eee e see eee e eee eee e eee, 


from experience... 


Handicap shower faucets are installed in 
different locations depending on the type 
of shower. A plumber must refer to a code 
book for specific requirements. 


ott ceeeeee reese eee see reese see eee ee * 


KITCHEN SINKS 


Water piping installation that serves a kitchen 
sink is similar to that in the countertop lavatory 
installation illustrated in Figure 12-6. The piping 
configuration under the sink depends on specific 
job-site conditions and on whether a dishwasher 
is being installed. A typical configuration is il- 
lustrated in Figure 12-4. Most kitchen sinks are 
installed along an exterior wall and centered be- 
neath a window. Floor penetrations can be used 
to route the water piping vertically into the cabi- 
net if there is a crawl space or basement below the 
sink cabinet. The insulation requirements of exte- 
rior walls vary in different regions of the United 
States, but most plumbing codes dictate that the 
water piping must be installed on the interior side 
of the wall insulation. At least 1” of insulation 
must be installed over the pipe according to most 
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TILE INSTALLATION 
TYPICALLY OCCURS 
DURING THE TRIM-OUT 


FAUCET 
HOLES 


eoeeecee eee eee eee eee eee eee eee eee ee ee ey 


TUB PLATFORM 
FRAMING 


PLYWOOD FLOOR 


from experience... 


- The outside diameter of an insulated pipe 
CAP - must remain inside the wall for the wall- 


PIPES 
———— ee] board to be installed; therefore, a plumber 
must know how thick the insulation is. 


FIGURE 12-9 A large-capacity tub may require the 
piping system to be routed to a general area where the a 
faucet installation occurs during a trim-out phase. di aod 


ote eeeer eee eee eee eee se ese ee eeeee eee ® 


OUTSIDE DIAMETER INDICATES 

THE WALL OPENING REQUIRED HOLES ARE ACCESS LOCATIONS 
IN THE TILED AREA FOR SCREWS THAT SECURE THE 
PLASTIC ACCESSORY TO THE 
FAUCET AND THE WALL PLATE 
DURING THE TRIM-OUT PHASE 


THE CENTER PORTION 
PROTECTS THE FAUCET 
FINISH FROM BEING 
DAMAGED DURING THE 
ROUGH-IN AND TILING 


NUMBER AND POSITION 
OF HOLES DEPENDS ON 
FAUCET TYPE 


PROCESS 
WALL BOARD 
~<— TILE IS FINISHED WALL 
MINIMUM AND MAXIMUM FINISHED 
WALL WALL THICKNESS GAUGE (LINES) 
STUD 


HANDLE HOUSING 
PROTECTS FAUCET FINISH 


<—— INTERNAL SCREW 
HOLES (x4) 

PROTECTOR IS REMOVED 
DURING TRIM-OUT PHASE 


ADJUST INSTALLATION BASED ON 
WALL THICKNESS 


FIGURE 12-10 A plastic protector and wall-thickness gauge acces- 
sory protects the faucet finish and indicates the faucet installation in a wall. 


Copyright 2011 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


EXTERIOR WALL 


CHAPTER 12 


THIS ILLUSTRATION IS NOT INTENDED TO REFLECT 
AN ACTUAL BUILDING FRAMING STRUCTURE 


WALL INSULATION 


1" THICK PIPE INSULATION 


INSULATION INSTALLED 
TIGHT TO BASE PLATE 


FLOOR AT AN ANGLE 
PLYWOOD FLOOR 


FLOOR JOIST 
SILL PLATE 


FOUNDATION OR 
CRAWL SPACE WALL 


FIGURE 12-11 Water piping installed in an exte- 
rior wall must be protected against freezing. 


plumbing codes. Figure 12-11 illustrates a water 
pipe installation in an exterior wall. 


DRILLING AND 
NOTCHING 


Drilling and notching codes vary extensively by the 
region of the United States and often by state or local 
area, depending on climate conditions. Most plumb- 
ing codes direct the plumber to the building codes 
for regulations. States set minimum standards, and 
local governments adopt ordinances to strengthen 
state codes. A plumber must know local regulations 
to avoid expensive replacement of wooden struc- 
tural boards in a building. Drilling through wood 
boards can weaken them, and positioning or sizing a 
hole incorrectly can create an unsafe condition. The 
possibilities of snowfall, hurricanes, tornados, and 
earthquakes are main reasons for variances in drill- 
ing and notching codes. Determining a pipe route 
depends, in part, on drilling and notching codes. A 
plumber selects the location and size of a hole based 
on local regulations. The information here is not in- 
tended to explain your local codes, but it will help 
you interpret them. It is essential to know whether 


| 21" FROM FLOOR (VARIES) 


PIPE USUALLY PENETRATES 
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structural wooden boards are load-bearing to cor- 
rectly determine the allowable- sized holes that can 
be drilled. Notching is making a cut on the edge 
of a wooden board; the depth of the cut is strictly 
regulated and is determined by the area of the joist 
being notched. Holes and notches that place the out- 
side diameter of a pipe close to the edge of a stud, 
joist, or plate must be protected against nails and 
screws. Most codes require that a nail plate (stud 
guard) be installed wherever a 1-1/2” nail or screw 
could penetrate the piping. A nail plate is a 1/16” 
thick steel plate that is available in different lengths 
and widths. Piping installed horizontally through 
a wall stud requires only a 1-1/2” wide nail plate, 
but pipes passing vertically through a top or bottom 
plate must be protected with a 4” wall plate. Some 
local codes specify the kinds of nail plates that can 
be used. This information is listed in a local code 
book. It is important for a plumber to understand 
how drilling and notching codes protect the inhab- 
itants of a house. Plumbing and building inspectors 
focus on these areas in a job-site walkthrough, and 
violations are taken very seriously. 


WALLS 


The two wall types commonly described in a code 
book are load-bearing and non-load-bearing. 
Exterior walls are load-bearing and are typically 
regulated like interior load-bearing walls. More 
stringent codes may have different regulations 
for exterior walls. Some interior walls are classi- 
fied as partitions and are regulated differently and 
with fewer restrictions than load-bearing walls. 
Figure 12-12 shows the basic wall types. 


CAUTION 


from experience... 


A main consideration in determining a 
layout is to create a safe working space in 
which to drill holes. The easiest pipe route 
may not be the safest one. 


ote eereeeesreeeeseeeseeeeeseseesecee * 
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CAUTION: THIS ILLUSTRATION DOES NOT INDICATE THAT A WALL STUD IN THE MIDDLE OF A JOIST IS ALWAYS 
NON-LOAD-BEARING. ALWAYS ASK A SUPERVISOR TO DETERMINE THE WALL TYPE BEFORE PROCEEDING 


WITH DRILLING AND NOTCHING ANY WOOD BOARD. 


ALLOWABLE JOIST SPAN 


TOP PLATE 


DOES NOT 


SUPPORT JOIST 


SUPPORTS END 


OF JOIST 


EXTERIOR WALL 
STUD (LOAD-BEARING) 


SUPPORTS END OF JOIST 


INTERIOR WALL STUD 
(NON-LOAD-BEARING) 


INTERIOR WALL STUD 
(LOAD-BEARING) 


SOME INTERIOR WALL TYPES 
INSTALLED WITHIN A JOIST 
SPAN ARE LOAD-BEARING 


PLYWOOD FLOOR 


BOTTOM PLATE l 


FIGURE 12-12 A wall stud is classified as load-bearing or non-load-bearing; each has 


different drill and notching regulations. 


The two common sizes of wall studs are 2” 4” 
and 2”X6”". The sizes used to indicate wall widths 
are nominal and not the exact dimensions. As 
with pipe, nominal sizes of wood show the in- 
tent of a design. A plumber must know the actual 
board sizes to determine the maximum size hole 
to drill or notch to cut based on the percentages 
that can be removed. The actual size of a 2” 4" 
board is 1-1/2" 3-1/2”, and that of a 2”X6”" board 
is 1-1/2” 5-1/2". Understanding these sizes is ex- 
tremely important to avoid creating an unsafe 
structure. The mathematical process that deter- 
mines the drill bit or notch size usually results 
in numerical values in decimal form that do not 


match actual drill bit sizes. Changing these decimal 
values to useable values is known as rounding off. 
Most dimensions can be rounded up or down, but, 
for safety reasons, these values must be rounded 
down to the nearest lower dimension to make sure 
that safe drilling and notching procedures are fol- 
lowed. If a code dictates a certain percentage and 
the numerical value is 6-5/8", a plumber must 
round the result down to 6-1/2", not to 6-3/4”. De- 
termining the percent of a hole diameter or depth 
of a cut requires a plumber to have basic conver- 
sion skills among percentages, fractions, and deci- 
mals. Table 12-3 lists mathematical comparisons 
of equivalents. 
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TABLE 12-3 Mathematical Equivalents 


Fraction Useable 
10 0.10 0.8/8” 1/16" 
20 0.20 3.2/16" 3/16” 
25 0.25 1/4” 1/4” 
30 0.30 4.8/16” 1/4" 
40 0.40 6.4/16" 3/8" 
50 0.50 T24 1/2” 
60 0.60 4.8/8" 1/2" 
70 0.70 11.2/16" 11/16” 
75 0.75 3/4" 3/4" 
80 0.80 12.8/16" 3/4" 
0.90 14.4/16" 7/18" 
1.00 4/4" 


Decimal 


Percentage 


: from experience... } 
The width of a board that is installed ver- 
- tically, such as a wall stud, is considered -: 


its depth when it is installed horizontally, 
<: such as a joist. i 


See Procedure 12-2 on page 361 for step-by-step 
instructions for determining the percentages of a 
hole diameter and notch. 


The location of a drilled hole or notched area 
is regulated to protect the structural integrity of a 
wall stud. A notch and a hole cannot be located in 
the same area, and a hole cannot protrude into a 
5/8" protected area on either edge of a wall stud 
(Fig. 12-13). Some codes state that 40 percent of 
a load-bearing stud and 60 percent of a non-load- 
bearing stud can be drilled (Figs. 12-14, 12-15). 
Other codes allow a load-bearing stud to be drilled 
60 percent if the stud is double, but not more than 
two consecutive doubled studs can be drilled (Fig. 
12-16). Still other codes state that a maximum 
of 25 percent of a load-bearing stud and 40 per- 
cent of a non-load-bearing stud can be notched 
(Fig. 12-17). Table 12-4 lists load-bearing and 
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100 PERCENT 
WIDTH 


DRILLING AREA 


NAIL PLATE IS DRIVEN 
INTO WOOD STUD TO 


PROTECT PIPING —> eer 
PASSING THROUGH pee 


A HOLE OR NOTCH IN 
A WALL STUD 


5/8" PROTECTED AREA 5/8" PROTECTED 


AREA 


CANNOT DRILL 


NOTCH CANNOT BE ———> IN NOTCHED 
LOCATED IN THE SAME AREA 
AREA AS A HOLE 
ALL TYPES OF 
WALL STUDS 


pou er | 
FIGURE 12-13 Most codes dictate that a hole 


cannot be closer than 5/8” from the edge of a wall 
stud or located in the same area as a notch. 


100 PERCENT 
WIDTH 


20 PERCENT 20 PERCENT 


5/8" PROTECTION AREA 5/8" PROTECTION 


AREA 


HOLE CAN BE LOCATED 
ANYWHERE WITHIN 
DRILLING AREA 


—SESSS eee eer) 
FIGURE 12-14 Most codes dictate that a hole 


drilled in a non-load-bearing wall stud can consume 
a maximum of 60 percent of the width. 
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100 PERCENT 
WIDTH 


30 PERCENT 30 PERCENT 


5/8" PROTECTION AREA 5/8" PROTECTION 


AREA 


HOLE CAN BE LOCATED 
ANYWHERE WITHIN 
DRILLING AREA 


Ea) 
FIGURE 12-15 Most codes dictate that a hole 


drilled in a load-bearing wall stud can consume a 
maximum of 40 percent of the width. 


LOAD-BEARING 
WALL STUD 


5/8" PROTECTION 
AREA STILL APPLIES 


non-load-bearing 2”X4" and 2”X6" wall studs and 
the maximum allowable hole sizes based on the in- 
formation in this book. 


CAUTION 


JOISTS 


A joist is a horizontal structural support classified 
as either a floor joist or a ceiling joist. The joists 
that separate different levels of a house are floor 
joists, and ceiling joists are the structural boards 
of the highest ceiling in a house. The size of a joist 
depends on the design intent and the structural 
load of a particular area. Two common sizes are 
2”X8" and 2”X10”", but a 2”X12” size is used for 
larger buildings or for greater span requirements. 
The actual dimension of a 2” 8” is 1-1/2” X7-1/2"; 
the actual dimension of a 2”X10" is 1-1/2” 
9-1/2"; and the actual dimension of a 2”X12"” is 
1-1/2” 11-1/2". 


DOUBLED STUDS 


HOLE CANNOT CONSUME 
MORE THAN 60 PERCENT 
OF WALL STUD WIDTH 


NOT MORE THAN TWO 
CONSECUTIVE DOUBLED 

WALL STUDS 
i) 


FIGURE 12-16 Most codes allow a hole drilled through a load- 
bearing stud to consume 60 percent of the width provided the 
stud is doubled and no more than two consecutive double studs 
are drilled. 
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100 PERCENT 
WIDTH 


60 PERCENT 40 PERCENT 
~— 40 PERCENT INA 
50 PERCENT NON-LOAD-BEARING 
WALL 
CENTER OF 
WALL STUD 
50 PERCENT 
25 PERCENT INA ——> 
LOAD-BEARING 
WALL STUD 
25 PERCENT 75 PERCENT 


FIGURE 12-17 Most codes allow 25 percent of a 
load-bearing and 40 percent of a non-load-bearing 
stud to be notched. 


Because a joist has a different structural pur- 
pose from a wall stud, it also has different drilling 
and notching code regulations. Some codes do not 
allow any holes to be drilled in the middle one- 
third of a span; other codes require a joist to be 
reinforced with exterior grade plywood if a large- 
diameter hole is to be drilled through it. Some 
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codes do not allow a hole to be drilled in a floor 
joist in the area that has a load-bearing wall di- 
rectly above it. Thorough code knowledge is re- 
quired before drilling and notching joists. A joist 
can be difficult and expensive to be replaced, and 
an inspector can demand that a company provide 
a certification from a structural engineer for a joist 
that has been altered. The defining terms of length, 
width, depth, and span are used when installing 
wood boards. A board used vertically to erect a 
wall is called a stud, and that same wood board 
used horizontally is called a joist. The dimension 
of a board known as the width for a wall stud is 
called the depth for a joist. The length of a wall 
stud is known as the span of a joist. Figure 12-18 
illustrates the difference between a floor joist and 
a ceiling joist and the defining terms used to relate 
codes to depth and span. 


Ce ‘l, 


from experience... 


A floor joist is a load-bearing structural 
board. Often in a residential house, sev- 
eral load-bearing floor joists are joined 
together to create a beam. Never drill or 
notch a beam without prior approval and 
careful code review. 


TABLE 12-4 Maximum Hole Sizes Based on Wall Type and Width 
CAUTION: These values are for lesson purposes only and are not intended to reflect your local codes. 


Maximum Hole 
2-1/16" 
2-1/16" 

1-3/8" 
3-1/4" 
3-1/4" 
2-1/8” 


Board Size 
2 
2 A 
2 
26 
2"x6" 
2"x6" 


Stud Type 
NLB Stud 
DLB Stud 
SLB Stud 
NLB Stud 
DLB Stud 
SLB Stud 


Abbreviation List 

NLB = Non-Load-Bearing Wall Stud 
DLB = Doubled Load-Bearing Wall Stud 
SLB = Single Load-Bearing Stud 


Notes 
Maximum of 60% of its width 
Maximum of 60% of its width 


Decimal Value 
2.10” 
2.10” 
1.40” 
250 
204 
2.20" 


Maximum of 40% of its width 
Maximum of 60% of its width 
Maximum of 60% of its width 
Maximum of 40% of its width 
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CAUTION: THIS ILLUSTRATION IS NOT INTENDED TO BE A carpenter often notches the ends of a joist dur- 
AN EXACT REPLICA OF A STRUCTURAL FRAMING SYSTEM. ing the framing phase of construction. A plumber 
might also have to notch a joist to install piping that 
conflicts with the joist, but strict codes dictate the 
maximum depth of the notch. Some codes dictate 
that the end of a joist cannot be notched more than 
25 percent of its depth. Other codes allow notching 
at the bottom and top of a joist as long as the notch 
does not remove more than one-sixth of the depth of 
the joist. Still other codes do not allow any notching 
in the middle one-third of a joist. According to some 
codes, holes cannot be drilled in a 2” protected area 
around the top and bottom edges of a joist. The 2” 
protected area also typically includes the area where 
a joist contacts the load-bearing wall or other ver- 
tical support. Where holes are allowable in a joist, 
some codes dictate that a hole cannot consume more 
than one-third of the joist depth. Figure 12-19 illus- 
trates a joist with notching regulations. Figure 12- 
20 illustrates the protected areas of a joist pertaining 
to drilling holes. Table 12-5 lists 2” 8", 2”*10", and 
2"X12" joists indicating the maximum allowable 
hole sizes based on the information in this book. 


ROOF TRUSS 
ATTIC 


TOP PLATE 
LOAD-BEARING WALL 


JOIST SPAN 


COULD BE A LOAD-BEARING 
WALL BELOW 


from experience... 


Calculators are available to convert deci- 
mals to fractions that recognize dimen- 
sions in feet and inches. 


. 


COULD BE FOUNDATION 
OR CRAWL SPACE BELOW 
a) 


FIGURE 12-18 A joist depth is also known as the 
width of a board, and its span is known as its length. 


CAUTION: THESE VALUES ARE FOR LESSON PURPOSES ONLY AND NOT INTENDED TO REFLECT 
YOUR LOCAL CODES. 


SPAN 3/3 OR 100% 


1/3 1/3 1/3 


> >|~< > 


1/6 OF DEPTH NO NOTCHING ALLOWED 


100 PERCENT 
6/6 AND 4/4 
DEPTH 


Se ee 


PROTECTED AREA 1/4 OF DEPTH 


1/6 OF DEPTH 


NAIL PLATE IS REQUIRED 


FIGURE 12-19 The depth of a joist is also the width if installed in the vertical position; the 
depth of a notched area is regulated and varies based on local codes. 
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CAUTION: THESE VALUES ARE FOR LESSON PURPOSES ONLY AND NOT INTENDED TO REFLECT YOUR LOCAL CODES. 


NO HOLE CAN CONSUME MORE 
THAN 1/3 OF JOIST DEPTH 


PROTECTED ZONE 


NAIL PLATE IS TYPICALLY NOT REQUIRED 


Ir? 


go 
=<- 1/3 
a 


L o" NO HOLES ALLOWED IN 
2" PROTECTED AREAS 


WALL BELOW 


FIGURE 12-20 Some codes dictate that a 2” protected zone be created when drilling holes in a 


floor or ceiling joist. 


TABLE 12-5 Maximum Hole Sizes Based on Joist Depth 


CAUTION: These values are for lesson purposes only and are not intended to reflect your local codes. 


Board Size Stud or Joist Maximum Hole 
POMS Joist 1-3/4" 
2”x8" Joist 2-1/2” 
26x104 Joist 3-1/8” 
OSS? Joist 3-3/4" 


Decimal Value Notes 
1143383” Maximum of one-third of its depth 
2.50” Maximum of one-third of its depth 
Balla Maximum of one-third of its depth 
3.83” Maximum of one-third of its depth 


HANGERS AND 
SUPPORTS 


Residential plumbing systems use very few types of 
hangers and supports compared with commercial 
piping installations. Supports are usually attached 
to wooden boards with nails and screws. Copper 
tubing uses copper-plated hangers and supports, 
and flexible tubing such as PEX uses plastic mate- 
rials. Plastic pipe products such as CPVC and PVC 
are more rigid than flexible tubing, and, if allow- 
able by local codes, they can typically withstand 
metal supports without being damaged. A plumber 
often installs additional wood boards so that 
hangers and supports can be installed where de- 
sired or where dictated by codes. Maximum spac- 
ing between hangers and supports is also dictated 
by codes, and different materials have different 


spacing requirements. Pipe routes are often deter- 
mined based on the most practical or productive 
method of installing the required number of sup- 
ports. The location of piping can determine when 
support is needed. Water piping stub outs require 
a support bracket or other adequate means of sup- 
port to eliminate the possibility of damage to the 
piping when wallboard or cabinets are installed. 
Earthquake-prone regions are regulated by seismic 
codes and may require special methods and spacing 
allowances to support piping systems. A plumber 
must be knowledgeable about these specialized 
codes. Table 12-6 lists common types of residen- 
tial water piping and the maximum spacing needed 
between hangers and supports. Codes vary, and the 
information in Table 12-6 compares UPC and IPC 
allowable distances, but may not reflect spacing 
codes for your local area. Be sure to review all foot- 
notes in a code book and in Table 12-6. 
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TABLE 12-6 Residential Water Distribution Piping Maximum Hanger Spacing 
CAUTION: These values are for lesson purposes only and are not intended to reflect your local codes. 


Pipe Type UPC 
Brass 3/4” and Smaller 

Brass 1” and Larger 

Copper 1-1/4’? and Smaller 

CPVC 1” and Smaller 

CPVC 1-1/4” and Larger 
Galvanized Steel 3/4” and Smaller 


Galvanized Steel 1” and Larger 


Vertical 
Installations 


Every Floor! 


Every Floor! 


Every Floor! 


Every Floor! 


Horizontal 
Installations 


UPC IPC 
10’ 10’ 
12 10’ 


Every Floor? 6' 6’ 


Every Floor? 3h 3 


Every Floor? 4' 4' 


12 
i2 


PEX Every Floor? 32" 
PVC Every Floor? 4' 


1 Maximum 25 feet. 

2 Maximum 10 feet. 

3 Must have mid-story support. 

42” and smaller must have mid-story support. 


TYPES 


Residential hanger selection is based primarily on 
the piping material installed. Several hanger and 
support types can be used with all material types. 
Many manufacturers offer several hanger designs to 
accommodate plastic and metal pipe. A clevis type 
and an adjustable swivel-ring type hanger are avail- 
able copper-plated for installing copper tubing and 
rubber-coated for installing plastic tubing. It is im- 
portant to use the correct hanger to avoid damage 
to the pipe. Code dictates that copper pipe that is 
not insulated must be installed with a copper-plated 
hanger to prevent electrolysis (corrosion). Position 
of the pipe, whether it is horizontal or vertical is 
also a deciding factor in the type of hanger selected. 
Some hangers and supports can be used in both po- 
sitions; others are designed for one or the other. Lo- 
cation is another determining factor for selecting a 
hanger. A split-ring hanger can be used for all pipe 
positions, but is used more often when a pipe is in- 
stalled along a wall or floor. 


Residential water distribution systems are 
mostly installed in walls and floors and suspended 
from joists. The walls and joists that the pipes pass 
through can serve as support provided the dis- 
tance between joists and walls does not exceed the 


maximum distance allowable by code. Hangers that 
increase productivity are more common than ones 
that use accessories, such as threaded rod, concrete 
anchors, or anchoring plates. Vertical residential 
piping installed through each floor typically does 
not need a support known as a riser clamp, but ver- 
tical support is required based on hanger spacing 
codes. The most common hanger used by a residen- 
tial plumber is a clip often referred to as a strap. 
Plastic tubing needs a plastic securing clip, and cop- 
per uses a copper-plated clip. A typical plastic clip 
has a single nail to drive into the wood with a ham- 
mer and provides a productive installation. A typi- 
cal copper clip has two holes and requires screws or 
nails to secure the clip to the wood structure. 


Company preference can be a deciding factor 
in hanger selection; some companies use wood to 
support piping. Wood can be used to secure wall 
stub-out piping. A copper-plated stub-out bracket 
is available to secure piping exiting a wall to serve 
a fixture. The copper tube that is inserted into the 
holes of a stub-out bracket is soldered to the bracket 
to provide pipe stability. The actual method used to 
support piping in various locations and positions 
depends on the specific installation. The most im- 
portant aspects of supporting piping are adherence 
to codes, productive installations, and completion 
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of an installation in a safe and quality manner. Fig- 
ure 12-21 shows numerous types of hangers and 
supports. Some are more common for residential 
construction than others, but it is important to rec- 
ognize the various types. Figures 12-22 through 
12-33 illustrate various uses and installation meth- 
ods for several of the hangers and supports from 
Figure 12-21. 


FIGURE 12-21 Various types of hangers, 
supports, and anchors are available for sup- 
porting piping systems. 
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: from experience... 
Various hangers are used in the commer- : 
cial and industrial areas of the plumbing 
trade. A plumber can obtain manufac- t 
turer catalogs at local plumbing whole- 

- sale stores to become acquainted with the 
> various types. 


COMPOUNDS AND 
SEALANTS 


Compounds and sealants are used extensively when 
connecting threaded and soldered pipe fittings to 
create a watertight joint. A compound used for 
threaded connections, known as pipe dope, is ap- 
plied only to the external portion of a male thread 
before screwing it into a compatible female threaded 
fitting. A sealant known as Teflon tape that provides 
the same watertight connection as ae dope is also 
used for threaded connections. Flux is a paste used 
for soldering copper tube. It is placed i in a fitting 
socket and on the external portion of the tube, so 
the solder can flow into the fitting socket. Solder is 
used to weld a copper fitting connection. Its melting 
point varies based on the percentage of alloys used 
in the manufacturing process. Soft-soldering for 
welding is sold in roll form. Another welding pro- 
cess known as brazing or s ing is used for 
copper connections. It anploys a stick (rod) form 
solder that has a higher silver content than most 
types of soft-solder. Brazing is performed without 
flux and at higher temperatures. Soft copper tub- 
ing can be connected to another copper tube or to a 
piece of equipment with a flared connection. A flar- 
ing tool is used to fold or spread copper tubing to 
mate with a compatible manufactured flared fitting. 
The fitting design and flaring tool have compatible 
flare angles to ensure that a proper flare is created. 
Plastic piping uses a solvent-welding process that 
requires a cleaner, glue, and primer to create a per- 
manent connection. Each of these basic connections 
is unique; a plumber can connect different types of 
piping with threaded connections. Pipe dope is used 
extensively with metal threads, and Teflon tape is 
used for both plastic and metal threads. 
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WOOD BOARD 

NAIL IS DRIVEN TWO NAILS ARE 
INTO WOOD DRIVEN INTO WOOD. 


AND SOME CODES 
DICTATE COPPER- 
PLATED NAILS 


PEX OR PLASTIC COPPER TUBE 


TUBING 


COPPER TWO-HOLE 
CLIP (STRAP) 


PLASTIC NAIL-IN 
ONE-HOLE CLIP 


FIGURE 12-22 Clips and straps support light- 
weight piping to wood structures. 


DROP-IN ANCHOR INSERTED 
INTO DRILLED HOLE 


CONCRETE 


THREADED ROD ——>] HEX NUTS AND 


FLAT WASHERS 
TOP HALF OF ——> N 
CLEVIS HANGER 


- 4~<—— HEX NUT 
HEX-HEAD BOLT ——> [H [iE H 


GALVANIZED IRON ——>- 


OR BLACK STEEL <—— BOTTOM HALF 


OF HANGER 


RUBBERIZED ——>— 
COATING, BUT 
COPPER TYPE 

IS NOT COATED 


FIGURE 12-23 Using a concrete drop-in anchor 
is a common attachment method; a clevis hanger is a 
common type for installing horizontal piping. 


JOIST 


aL <— THREADED ROD ATTACHMENT 
innl ANCHORED TO JOIST WITH 
WOOD SCREWS 


<——— OPTIONAL HEX NUT 


ADJUSTMENT NUT 


COPPER, GALVANIZED, 
OR RUBBER-COATED 


FIGURE 12-24 A threaded rod attachment is used 
for wood structures; an adjustable swivel ring hanger 
is another common type used for installing horizontal 


piping. 
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JOIST 


t 


ADJUSTED BASED 
ON INSTALLATION 


j 


DRIVEN INTO WOOD 
WITH HAMMER 


NAIL-IN HANGER (HOOK) 


CAN BE WRAPPED AROUND COPPER-PLATED 


PIPE TO PROVIDE ADDITIONAL FOR COPPER TUBE 
SUPPORT AND STEEL FOR 
STEEL PIPING 


FIGURE 12-25 A nail-in hanger, also known as 
a hook, provides a productive installation for light- 
weight pipe. 


CONCRETE MASONRY UNIT (CMU) 


CMU IS ALSO CALLED 
A CONCRETE BLOCK 


TOGGLE WING OVERSIZED HOLE 


HOLLOW CORE 
EEE COPPER 


SPLIT-RING 
HANGER 


OPTIONAL HEX NUT 


THREADED ROD 


HEX NUT AND WASHER 


FIGURE 12-26 A toggle bolt and threaded rod assembly can be used to install a split-ring 
hanger to a concrete masonry unit. 
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SPLIT-RING HANGER ———> 


THREADED ROD NN 


VARIOUS TYPES OF EXPANDABLE ANCHORS 
CAN BE USED TO SECURE PLATE TO SURFACE 


OPTIONAL HEX NUTS 


FLOOR/WALL/CEILING 
2-HOLE PLATE 


CONCRETE FLOOR, 
WALL, OR CEILING 


FIGURE 12-27 A 2-hole plate and various expandable anchors can be used to install piping 
along a floor, wall, or ceiling. 


FLOOR OR CEILING JOIST 


o| <—— PERFORATION (HOLES) TO ADJUST 
TO SPECIFIC ELEVATION REQUIRED 


COPPER OR PLASTIC FOR ——~>| 
COPPER PIPE AND GALVANIZED 
FOR STEEL PIPE 


PIPE 
/<—— THIS METHOD IS MORE COMMON 


/ STF FOR DRAINAGE PIPE INSTALLATIONS 
BAND IRON WRAPPED 


AROUND PIPE 


FIGURE 12-28 Band iron is also known as strapping. It can be used to install 
piping in various positions and anchors to the structure with screws or nails. 
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AVAILABLE WITH ALL 
SAME SIZE HOLES AND 
WITH VARIOUS HOLE 
DESIGNS 


PIPE INSERTS 
THROUGH HOLE 


WALL STUD 


COPPER STUB-OUT BRACKET 


TYPICALLY 16" 


ROUGH-IN HEIGHT VARIES BASED 
ON FIXTURE. BRACKET IS 
INSTALLED FROM THE FINISHED 
FLOOR ELEVATION. 


FIGURE 12-29 A copper stub-out bracket can secure horizontal piping 
exiting a wall serving as a fixture. 


PIPE IS SOLDERED 
TO BRACKET 
WALL STUD 


~<— COPPER 
STUB-OUT PIPE 
AND CAP 


STUB-OUT BRACKET 


FLOOR 


FIGURE 12-30 A copper stub-out pipe is soldered 
to the bracket to provide pipe stability. 
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WOOD IS INSTALLED 
BETWEEN STUDS TO 
SUPPORT STUB-OUT CLIPS ANCHOR 
PIPING PIPE TO WOOD 


WALL STUD 


TYPICALLY 16" 


FIGURE 12-31 A 2”x4" wood board can be used to support stub-out piping 
serving a fixture instead of a manufactured stub-out bracket. 


PIPE 
STEEL TYPE FOR PLASTIC 


AND STEEL PIPE AND 
COPPER-PLATED FOR 
COPPER PIPE 


RISER CLAMP RESTS WOOD IS INSTALLED 
ON FLOOR AND IS BY PLUMBER 
TIGHTENED AROUND 
PIPE 


SLEEVE THROUGH 
FLOOR WALL STUD 


HORIZONTAL 
SUPPORT 


VERTICAL 
SUPPORT 


PLAN VIEW 


BOLT —> 


VERTICAL PIPE 


HEX NUT PLYWOOD FLOOR 


FIGURE 12-32 A riser clamp is installed to support FIGURE 12-33 Wood is installed where required 


a vertical pipe penetration through a floor but may not to support piping at necessary intervals as dictated 
be required by local codes in residential construction. by code or specific installation location. 
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CHAPTER 12 


MATERIAL SAFETY DATA SHEETS 


A Material Safety Data Sheet (MSDS) must be avail- 
able upon request from an employer or wholesaler. A 
person working with any product must know its dan- 
gers to ensure safe use and to avoid possible health 
concerns. It is also important to know about emer- 
gency treatment in case it is needed. When soldering, 
the heated copper pipe, flux, and solder expel fumes 
into the work area. PVC solvents present unique health 
and safety concerns and are extremely flammable and 
explosive. If your skin comes into contact with most 
chemicals, it presents health concerns. An MSDS identi- 
fies the dangers, precautions, safety recommendations, 
and first aid treatment for each of these concerns. A 
plumber should keep all MSDS information in a book 
or file to refer to in case of emergency and must know 
where the information is located at all times. 


SEALANTS 


Pipe dope is available in many mixtures depending on 


the manufacturer. Not all pipe dope is suitable for us- i 


ing with pipes that carry drinking water. A code book 
lists current standards for the lead content and types 
approved for your local area. The kinds usually used 
by plumbers are sold in a can with a brush attached 
to the inner portion of the cap. Some homeowner sup- 
ply stores sell pipe dope in a squeeze tube, which is 
typically more suitable for a homeowner than a con- 
tractor. A plumber must know the proper use of all 
compounds. Pipe dope should never be applied to the 
inside of a female-threaded fitting. Using too much 
pipe dope or applying it inside a fitting can cause 
the compound to travel through the piping system 
and cause obstructions. A non-adhesive Teflon tape 
is used on male threads when it is preferred and re- 
quired by code. Many codes do not allow some pipe 
dope compounds on plastic threads because the pipe 
dope expands when it sets up (dries) and can crack the 


` G reen Tie p 

The EPA states that “volatile organic com- 

: pounds (VOCs) are emitted as gases from 

: certain solids or liquids.” Many Green building 
‘projects require that plumbers use low-VOC- 

: type primers and glues. 

: For further information about VOCs refer to: 
http://www.epa.gov 
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plastic fitting. Company preference usually dictates the 
pipe dope to be used. Figure 12-34 shows a popular 
brand of pipe dope used for numerous piping systems. 
Figure 12-35 shows the internal applicator brush con- 
nected to the cap that seals the can of pipe dope. 


from experience... 


Slightly loosening a threaded joint may 
cause the connection to leak. The fit- 
ting must then be removed from the pipe 
end, and pipe dope or Teflon tape must 
be reapplied. If you slightly overtighten a 
threaded fitting, you might have to turn 
the fitting one more rotation to achieve 
the desired positioning of the fitting. 


Courtesy of RectorSeal. 


FIGURE 12-34 A sealing compound known as 
pipe dope or Teflon tape is applied to male threads to 
seal the connection to female threads. 
E aaa 
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CAP HAS FEMALE THREADS 
TO SECURE TO CAN 


ATTACHED TO 
INSIDE OF CAP 


~<— APPLICATOR BRUSH 


MALE THREADS i 


<— MALE THREADS 
COMPATIBLE FEMALE 
THREADS OF CAP 


VARIOUS VOLUMES FIGURE 12-36 Flux and solder are used to solder 
IN OUNCES AVAILABLE a copper connection when heated with a torch. 


Applying too little flux will not allow the solder to 
be drawn into the fitting socket when heated. Figure 
12-36 shows a can of flux, a flux brush, and a roll of 


en 
solder for copper tube. 


FIGURE 12-35 A brush applicator is connected to 
the inside of the cap that seals a can of pipe dope. 


Green Tip i 
As mentioned previously in this book, the 
State of California enacted a lead-free law on 
January 1, 2010, mandating that systems con- 
taining lead must have their lead content es- 
tablished using a weighted average. 


Seco eee reese eee see eee eee eee eee eee ee eee ol’ 


See Procedure 12-3 on page 363 for step-by-step 
instructions for using Teflon tape. 


FLUX AND SOLDER 


Flux must be used with care; avoid contact with 
your eyes and mouth. A soft-solder connection needs . 
flux to allow solder to flow into a fitting socket when 
appropriate heat is applied to the external portion of 

a fitting. Some flux and solder products are not ap- CAUTION 
proved for use with potable water piping; a plumber 
must know all current codes. The maximum amount 
of lead that solder can contain is 0.02 percent (2/10 
of 1 percent), but, as with all codes, the amount could 
be reduced when new regulations are adopted in 
your area or the entire country. Tin is the primary al- 
loy used for solder to provide strength for the solder F f 
joint connection. The heat range for melting the sol- j fro m experience... 
der varies with the particular solder used; some have 1 

melting points as low as 400 degrees F while others ; Flux can cause serious eye irritation. í 
average 700 degrees F. Flux is a paste, and some are : Plumbers should wash their hands thor- : 
self-cleaning. Some are sold with an applicator brush j hers 5 dad : 
similar to that on a can of pipe dope. A flux brush, of- ; E Lp Ie CRIM se er A lt 


eee ee eee eee eee eee 
Seeceereeee eee eee eee e 


et eee eee ee rere eee eee eee e eee eee eee e eee, 


ten called an acid brush, is purchased separately and «tally rubbing their eyes with residual flux —- 
used to apply the flux onto the pipe end and into the 1 on their hands. r 
fitting socket. Applying too much flux causes the ex- d : 
cess to enter the piping system, which can obstruct +” A A a a a ail 


the filters and screens on faucets and other devices. .* 
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CHAPTER 12 


SOLDERING 


As mentioned previously in this chapter, soldering 
is a welding process commonly known as soft-sol- 
dering. It is designated soft-soldering to indicate 
that it requires flux and a roll of solder. Several 
steps (Table 12-7) are needed to complete a solder 
joint, which begins with measuring the pipe length 
desired and ends with cooling the solder joint. The 
cutting process is completed with a copper tubing 
cutter; a hacksaw should be used only if necessary, 
and never on medical gas systems. Cutting cop- 
per with a hacksaw creates small copper particles 
that can enter a piping system. Most standard tub- 
ing cutters have a reamer attachment on the side of 
the tool. It is inserted into the tubing to remove the 
ridge created while cutting the pipe. It is crucial that 
the pipe end and fitting socket be clean and oil-free 
to prevent contamination. Sand cloth, also known 
as emery cloth, can be used to clean the pipe end. 
It is sold in roll form, with some types available in 
a meshed design as well. A plumber simply tears 
off a piece of sand cloth in the desired length, typi- 
cally about 6”, when working with small-diameter 
copper tube. Copper tube and fittings are protected 
with a clear coating at the factory so that the pipe 
does not tarnish (oxidize). This coating must be re- 
moved before applying flux. Special pipe cleaning 
tools are available for this task, but most plumb- 
ers use sand cloth. The internal socket of a fitting 
must also be cleaned, and, because the sizes of most 


TABLE 12-7 Steps Required to Solder a Copper 
Connection 


= 


Measure pipe 

Cut pipe 

Ream pipe 

Sand pipe end 

Clean fitting socket 

Apply flux to pipe end 

Apply flux to fitting socket 
Insert pipe into fitting socket 
Light torch 


2 
3 
4 
5 
6 
7 
8 
9 


—_ 
o 


Apply heat 


= 
= 


Wipe melted flux as necessary 


= 
N 


Apply solder as necessary 


— 
Ww 


Wipe excess solder as necessary 


=x 
A 


Allow to cool 
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residential copper fittings are 3/4” and 1/2”, a wire 
brush is used. Larger copper fittings can be cleaned 
by inserting a piece of sand cloth into the fitting 
socket. A wire brush, often referred to as a fitting 
brush, is sold according to the fitting size it is in- 
tended to clean. Most wire brushes are used only 
in the clockwise direction to avoid breaking the 
bristles, which shortens the lifespan of the brush. 
Table 12-7 lists the basic steps in a soldering pro- 
cess. Figure 12-37 shows a wire brush and a roll of 
sand cloth. 


FIGURE 12-37 A wire brush is used 
to clean the inside of a fitting socket, and 
sand cloth is used to clean a pipe. 


CAUTION 


from experience... 


Practice is required to be efficient at sol- 

+ dering, so focus on quality as you learn. To : 
: complete a quality solder joint, be sure to: 
control the melting flux. Solder will follow : 
a flux trail along the pipe. Always wipe 
excess flux from the pipe and fitting be- 

fore applying solder. 


See Procedure 12-4 on page 365 for step-by-step in- 
structions on how to solder a copper connection. 
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BRAZING 


The brazing process requires extreme heat but does 
not require the use of flux. Brazing is also known 
as silver soldering. The solder is sold in either flat 
or round rods, often called sticks. Silver solder 
has various percentages of actual silver; 2 percent, 
5 percent, and 15 percent are the most common. 
The heat range to successfully complete a silver- 
soldered joint varies with the type of silver sol- 
der used. Temperatures exceeding 800 degrees F 
are typically needed to melt the silver solder. New 
copper pipe and fitting sockets usually do not 
need to be cleaned with sand cloth before braz- 
ing. Some codes dictate that copper pipe installed 
below ground cannot be soft-soldered, but braz- 
ing is acceptable by all codes. The silver-soldering 
process requires that the pipe and fittings are dry 
fitted (no flux), free of dirt and oil, and heated un- 
til the pipe and fitting become cherry-red (glow- 
ing). The heating process begins on the pipe; then 
the flame is moved onto the fitting and continu- 
ously moved to maintain the temperature of the 
pipe and fitting. Once the materials are properly 
heated, the brazing rod is placed on the pipe where 
the fitting socket begins. Residential construction 
uses small-diameter pipe, and a small handheld 
torch can provide adequate heat, but piping larger 
than 1” requires a larger torch. The goal is to com- 
plete a silver-solder joint that has a uniform cap 
(bead) of solder along the ridge of the fitting. The 
position of a joint also dictates the approach for 
applying the silver solder. The three basic instal- 
lation positions are horizontal, vertical, and up- 
side-down vertical; the most difficult position is 
upside-down vertical. Figure 12-38 illustrates a 
completed silver-soldered joint that has a strong 


BEAD OF SOLDER 

COVERS RIDGE OF 

FITTING AND IS 
RIDGE OF MELTED ONTO PIPE 
FITTING AND FITTING 


BEAD OF 
SOLDER 


COPPER PIPE COPPER TEE 


FIGURE 12-38 A brazed copper joint should have 
a uniform bead along the ridge of the fitting. 


SIDE VIEW 


HORIZONTAL 
VERTICAL 


HORIZONTAL HORIZONTAL 


UPSIDE-DOWN VERTICAL IS 
THE MOST DIFFICULT POSITION 
DUE TO GRAVITY MAKING THE 
SOLDER RUN DOWN THE PIPE 


FIGURE 12-39 Three basic installation positions 
are common. 


cap (bead) covering the ridge of the fitting. Figure 
12-39 illustrates the three basic positions that a 
solder joint can be installed. 


CAUTION 


from experience... 


Bending the first 2” of the silver-solder 
rod to a 45° angle may make the solder- 
ing process more comfortable. Applying a 
small amount of heat to the solder while 
pressing it against the cool portion of the 
pipe makes it easier to bend the rod. 


See Procedure 12-5 on page 370 for step-by-step 
instructions on the brazing process. 


Copyright 2011 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


CHAPTER 12 


FLARING 


Flaring copper is the process of folding or spreading 
the pipe end with a flaring tool. Soft copper is used 
to make a flared pipe end that is mated with a com- 
patible threaded flare fitting and flare nut to com- 
plete a connection. A flare nut, which is typically 
sold separately from the fitting, secures the pipe to 
the fitting. A threaded flare connection does not re- 
quire pipe dope or Teflon tape and is considered a 
ground joint because it is a metal-to-metal connec- 
tion. Buried copper water piping, such as a water 
service from a water meter and gas connections to 
equipment, uses flared connections. The greatest 
benefit of a flared connection is that it can be dis- 
turbed or moved under pressure without leaking, 
and the connection can be loosened with wrenches. 
A solder joint is a permanent connection that re- 
quires a union to be installed to access the piping 
system, but a flare nut serves as a union-type con- 
nection. The flare fitting and nut are made of brass, 
which is acceptable for gas and water piping. Figure 
12-40 shows a flared connection. 


et ee eee eeeeree reer sees eee eee seer eeeseoe, 


from experience... 


Soft copper tubing is often not perfectly 
round, but a flaring tool can be used to 
make an out-of-round copper tube round. 
To avoid crushing soft copper tubing, a 
plumber should not forcibly cut it. 


See Procedure 12-6 on page 372 for step-by-step 
instructions on creating a flare. 


FLARE NUT 


COPPER TUBE 


<> 


NUT SLIDES OVER TUBING 


FLARED END OF COPPER 
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WORKING WITH 
FLEXIBLE TUBING 


Flexible tubing is widely used in the residential 
plumbing industry to increase productivity and de- 
crease material costs. Many regions of the United 
States still use copper piping, and commercial water 
distribution systems primarily use copper piping. 
Cross-linked polyethylene (PEX) has become the 
most common flexible tubing for residential water 
distribution systems. Polyethylene (PE) was used 
widely for decades to install water service to a house, 
but other plastic piping such as polyvinyl chloride 
(PVC) is used more often today. PE is still a popular 
choice for installing the drop-pipe for a submersible 
pump in a well. Many residential water distribution 
systems use a manifold piping design that distributes 
water individually to each fixture, as opposed to 
how it has been discussed previously in this chapter. 
The stub out serving a fixture is usually converted 
to copper to provide a quality installation, but most 
codes allow PEX to be used for stub-out purposes. 
Valves, male adapters, female adapters, washing ma- 
chine boxes, and icemaker boxes are available that 
are connected directly to PEX. Most codes dictate 
that PEX cannot be connected directly to a water 
heater and that it must be protected against damage 
from the flue pipe of a gas water heater. The most 
common pipe conversion near a water heater is to 
copper. Figure 12—41 illustrates a PEX-crimped pip- 
ing system being converted to copper for a water 
heater connection. A PEX piping system utilizing an 
expander tool would be connected with a copper 
fitting specific to that style of PEX connection and 
similar to Figure 12—41(B). 


FLARED COUPLING 
(UNION) 


THREADS 


I 
NNN F A ~— BEVELED FACE 


OF FITTING 


TIGHTENED PORTION 
OF FITTING 


FIGURE 12-40 A flared connection is durable and used for soft copper tubing 


that is subjected to movement. 
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FLOW —> 


Layout and Installation 


PEX CRIMP RING SOLDERED CONNECTION 


PEX COPPER 


— > TO WATER HEATER 


PEX X COPPER ADAPTER 


PEX MEMORY RING 


PEX a SOLDERED CONNECTION 


— > TO WATER HEATER 


(B) PEX X COPPER ADAPTER 


FLOW —> 


FIGURE 12-41 (A) Some codes dictate that PEX cannot be 
connected directly to a water heater, so it is usually converted 

to copper. (B) A PEX expanding process utilizes a memory ring 
instead of a crimp ring, but is still connected to copper using a 


specific adapter. 


from experience... 


Connecting PEX directly to a water heater 
might cause the pipe to be subjected 

to extreme heat, which could void the 
warranty and cause leaks. 


MANIFOLD SYSTEMS 


In a manifold system, the water service piping en- 
ters the house to a designated area where the mani- 
fold is installed; all piping serving fixtures originate 
from that location. A manifold system is often re- 
ferred to as a parallel system. The size of each pipe 
connected to the manifold is based on the specific 
fixture requirement determined from a code book 


similar to that in Table 12-2. Some codes allow . 


the sizes listed in the table to be reduced by one 
pipe size if the water pressure is greater than 35 psi 
and if the pipe length from the manifold to the fix- 
ture does not exceed 60’. Some codes dictate that 
all individual piping connected to a manifold sys- 
tem must have separate isolation valves and that 
they must be identified as to the fixture they serve. 
All manifolds must be accessible. Hot and cold wa- 
ter manifolds are installed separately. Figure 12-42 
illustrates a typical water distribution manifold 
serving a house. Figure 12-43 shows a manifold 
cold water distribution flow diagram. 


from experience... 


A manifold system allows each fixture to 
be isolated for repair or to isolate a leak 
in a specific pipe. 
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TO MASTER LAVATORY 


TO MASTER SHOWER 


TO UPSTAIRS TOILET 


TO UPSTAIRS TUB 


TO UPSTAIRS LAVATORY 


TO WATER HEATER 


FLOW ——> 
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TO MASTER TOILET 


TO MASTER BATHTUB 


TO WASHING MACHINE 


TO GUEST LAVATORY 


TO GUEST TOILET 


TO KITCHEN SINK 


Sy | 


MANIFOLD 


FROM WATER 
SERVICE 


ISOLATION VALVE ON EACH PIPE 


SSS ee 
FIGURE 12-42 A manifold piping system has individual pipes serving each fixture. 


A BLUEPRINT WOULD INDICATE THE FIXTURE 
TYPES AND MINIMUM PIPE SIZES 


ISOLATION VALVES 
ON EACH PIPE 


` 


MANIFOLD 


FLOW j 


FROM WATER —> 
SERVICE 


ALL PIPING SERVES INDIVIDUAL FIXTURES 


FIGURE 12-43 Individual pipes are routed from a manifold to a fixture when 
installed as part of a parallel manifold water distribution system. 


CONNECTION TYPES 


Flexible tubing connections are based on product 
type. PE uses a ribbed (barbed) fitting that is inserted 
into the tubing and secured with stainless steel hose 
clamps. PEX tubing crimps or the tubing is expanded. 
The crimping process involves a metal ring installed 


over the PEX tubing before the fitting is inserted into 
the tubing. A crimping tool is then placed over the 
crimp ring and secured in place by closing the scis- 
sor-like crimping tool. The crimping tool must be 
manually calibrated (adjusted) periodically according 
to manufacturer’s requirements. The other popular 
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connection type is unique to certain manufacturers. 
A PEX ring slides over the tubing, and a specially de- 
signed tool is inserted into the end of the tubing to 
expand the piping. When the tool is removed from 
the expanded pipe end, a fitting is inserted into the 
tubing, and the PEX ring slides toward the tubing 
end to secure the fitting in place. The fitting is sealed 
into the tubing when the expanded tubing forcibly 
returns to its natural round shape. Regardless of the 
type of PEX system used, the process is simple, and 
a plumber has to make these connections only one 
time to be competent with either method. 


WORKING WITH 
PLASTIC PIPE 


Plastic water piping is used for water service, well 
pump, and water distribution systems. PVC is con- 
sidered a cold water pipe and is not rated to dis- 
tribute more than 140° water, so it cannot be used 
inside a home. Most codes dictate that PVC must 
be transitioned to an approved product within 5’ of 
where the piping enters a house. Plastic hangers and 
supports are generally used to hang plastic piping to 
avoid damaging the exterior of the pipe. CPVC is 
rated to distribute hot water and is a common choice 
for hot and cold water installations. Fitting connec- 
tions for both PVC and CPVC are solvent-welded 
(glued). CPVC distributes hot water, but it must be 
installed according to specific manufacturer recom- 
mendations. CPVC expands and contracts when 
distributing hot water, and expansion joints may be 
required on long horizontal installations. To avoid 
breakage of the pipe or fittings during expansion, 
CPVC should not be secured too tightly at offset ar- 
eas. CPVC that is secured too tightly where it passes 
through wood floors, studs, and joists can cause a 
squeaking noise, thereby generating complaints from 
homeowners. Conversion from one material, such as 
copper, PVC, or CPVC, to another is performed with 
specific adapters. Using a male and female adapter 
is the most common method. Valves, male adapters, 
and female adapters are available that are connected 
directly to CPVC with a solvent-weld. Some CPVC 
male and female adapters have plastic threads, but 
the brass-threaded types are more durable and pro- 
vide a higher quality installation. 


CUTTING 


Special shear-type cutting tools that cut plastic 
piping squarely should be used instead of a plastic 
pipe saw to keep shavings from entering the piping 


system. The cutting process is very simple, but 
having a sharp cutting blade is crucial to create a 
smooth cut. The pipe is inserted between the cutting 
blade and the jaw of the tool, and the scissor action 
handle is squeezed (closed) to cut the pipe. If a saw 
is used, all shavings must be removed from the pipe 
end before proceeding with the solvent-welding pro- 
cess. A deburring tool or pocket knife removes any 
ridge created from cutting the pipe. Once a square 
cut is performed and all burrs are removed, the next 
step is to prepare the pipe and fitting to be solvent- 
welded. 


SOLVENT-WELDING 


Solvent-welding uses chemicals to fuse a pipe and 
fitting together to create a watertight connection. 
Plumbers refer to the process as gluing a joint and 
rarely use the term solvent-welding to refer to the 
process. CPVC glue is compatible only with CPVC, 
and PVC glue with PVC pipe. An all-purpose glue 
is available but is not allowed by most codes. An 
improperly solvent-welded joint can cause se- 
vere water damage to a home; a contractor can be 
held responsible if a connection fails. Always read 
manufacturer information pertaining to the actual 
process, and certainly follow the manufacturer’s 
recommendation for the temperature of the work 
area where a connection is being completed. Some 
manufacturers offer various types of glues. As previ- 
ously mentioned, some primers and glues are avail- 
able with low volatile organic compounds and are 
identified as low-VOC types. They may be specified 
on a Green project. A medium-bodied clear glue is 
most commonly used for PVC; CPVC glue is yellow 
in color. A blue glue is available with more toler- 
ance for moist working conditions, and, according 
to manufacturers, it has a shorter drying time. Ex- 
tremely cold or hot weather has a negative effect 
on the curing times and bonding capabilities of the 
glue. Most codes dictate that a purple primer must 
be used before gluing the connection. Clear primer 
and cleaner are available, but code officials can visu- 
ally confirm that purple primer was used because it 
permanently stains the piping. Most manufacturers 
dictate a three-step process. If all steps are not com- 
pleted, the warranty is voided, and the solvent-weld 
is considered inadequate. Some manufacturers may 
not dictate that a cleaner and primer must be used, 
but most codes require it. Codes often state that the 
regulations for specific installations are based on 
manufacturer’s instructions. The most stringent pro- 
cedures always rule over other regulations. 
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CHAPTER 12 


CAUTION 


CAUTION 


et Fee eeeeesree reece sree eee reer eee ereeeeee, 


from experience... 


During the rough-in phase of construc- 
tion, a plumber may not be concerned 
about spilling primers and glue. During 
the trim-out phase, a plumber must be 
more careful because primers, cleaners, 
and glues can permanently damage floor- 
ing surfaces. 


See Procedure 12-7 on pages 376-378 for step-by- 
step instructions on solvent welding. 


TESTING 


Testing a water distribution system is mandatory; the 
pressure applied is dictated by code. Most codes state 
that test pressure must be one and one-half times the 
operating pressure, but other codes dictate a specific 
pressure such as 100 psi. The maximum operating 
pressure allowable by codes for a water distribution 
system is 80 psi, and codes dictate that a pressure- 
reducing valve must be installed when the incoming 
water pressure is more than 80 psi. If the one and one- 
half pressure regulation is dictated by your local code, 
the test pressure is 120 psi (80 + 40). The type of test 
used is based on contractor preference. The two meth- 
ods allowable by codes use air or water tests. Air tests 
use an air compressor, and water tests use a hydro- 
static pump. Which method is chosen depends on the 
contractor’s preference and the connection to a par- 
ticular portion of a piping system. When water tests 
are used, a garden hose is attached to a boiler drain 
somewhere in a piping system, such as in a washing 
machine box, and potable water is supplied to the 
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piping being tested. The hydrostatic pump is manu- 
ally activated to pressurize the piping system. Most 
hydrostatic pumps used for residential construction 
are manually operated and do not require electricity. 
Most cold-weather regions use air tests during colder 
months, so the piping system will not freeze. Air is in- 
jected into the piping system, typically through a 1/2” 
threaded connection such as the shower head. Air test 
is the most widely used method because many con- 
struction sites do not have potable water available 
when the test is performed, but electricity is available 
to operate an air compressor. An advantage of using 
air pressure is that a piping system can be depressur- 
ized to repair a leak. There is no need to drain water 
from a system. 


A water heater is typically installed during the 
trim-out phase of construction. The hot and cold 
water piping are usually connected to create a single 
piping system for testing purposes. If the water heater 
pipes are not connected, the hot and cold stub outs 
for another fixture can be connected. A tub and 
shower faucet can also be opened to simulate a warm- 
water flow condition that distributes the test pressure 
evenly between the two piping systems. The tub and 
shower faucets are installed during the rough-in phase 
and are under pressure during the test. The hose bibbs 
are usually installed after a pressure test, so the pres- 
sure does not escape through them. All stub-out pipes 
serving fixtures are capped to allow the piping system 
to be pressurized. A pressure gauge must be installed 
somewhere in the piping system so that the plumb- 
ing inspector can make sure that the test is satisfac- 
tory. Most codes dictate the duration of a test, and, 
because an inspector is usually not required to remain 
on a residential job site very long, most tests are only 
15 to 20 minutes long. A testing accessory known as 
a test block has a pressure gauge and air inlet device. 
Figure 12—44 illustrates an air test connection to a 
piping system. Figure 12-45 shows a hydrostatic test 
connection to a piping system. Figure 12—46 illus- 
trates a test block to air test a piping system. 


from experience... 


The actual connection of the water piping 
system to the air compressor or hydro- 
static pump is determined by job-site con- 
ditions. A plumber typically has fabricated 
piping arrangements to use on all jobs. 


ete eee eeece cece ere ece eee e eee eee eens ® 
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PRESSURE GAUGE 
ISOLATION VALVE 


CONNECTION AS REQUIRED 
BASED ON JOB CONDITIONS 


~<— TO PIPING SYSTEM AIR COMPRESSOR 


AIR HOSE 


FIGURE 12-44 Compressed air test is one method to test a water piping 
system. 


PRESSURE GAUGE 
ISOLATION VALVE . =~ 
HOSE CONNECTION AS REQUIRED a. 


BASED ON JOB CONDITIONS 


HYDROSTATIC PUMP 


MANUAL PUMP HANDLE 
TO INCREASE PRESSURE 
INCOMING POTABLE WATER 


FIGURE 12-45 A hydrostatic water test is another method to test a water piping system. 
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CHAPTER 12 


TO PIPING SYSTEM 


THREADED PIPE NIPPLE 
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AIR PASSAGEWAY 


SECTION VIEW 


PRESSURE GAUGE 


SHAPED TO TIGHTEN —> 


WITH A WRENCH 


AIR INLET VALVE 


FIGURE 12-46 A test block is available to be connected to a 
piping system when performing an air test. 


SUMMARY ——— 


The layout of a water distribution system varies 
based on the actual job site and the fixtures be- 
ing served. 


The sizing of an entire system is based on 
the quantity and type of fixtures being 
served. 


The three main segments of a water distribution 
piping system are the main, branch main, and 
individual supply. 

A code book lists common fixtures and the mini- 
mum pipe sizes that can be installed to each fixture. 


A water supply fixture unit (wsfu) is the desig- 
nated term to describe the end result of a flow 
calculation. 

One gallon is 3.785 liters and one gallon per 
minute is 0.0631 liters per second (3.785 + 60 
seconds). 

The rate the water flows through the piping is 
known as velocity and is measured in feet per 
second. 


The wall rough-in for a water distribution sys- 
tem is determined by the fixture type and job- 
site conditions. 

The standard water rough-in dimension for 


a tank-type toilet is 6” to the left of the toilet 
center. 


The maximum height for most lavatory sink 
water piping, regardless of the type, is 21” 
above the finished floor. 

A combination tub and shower (T&S) faucet 
does not change the sizing requirements of the 
individual fixture supply. 

Drilling and notching codes must be known to 
install piping in walls. 

Maximum hanger and support spacing is dic- 
tated by codes. 

Hanger and support selection is based on the 
type of piping installed. 

Copper must be soldered with approved lead- 
free products. 


Follow manufacturer instructions when per- 
forming a solvent-weld connection. 
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GREEN CHECKLIST 


C] Some Green projects may require C] Never compress the wall insulation 
all primers and glues to be low in in an exterior wall when installing 
volatile organic compounds. Those piping. 


products are known as low-VOC 
types. 
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The first step in 
determining the pipe 

size is to recognize that 
78-1/2 percent is written 
as 0.7854 and that what 
was the length and width 
of a square is now the 
diameter (D), because it 
is circular. The formula to 
find the square area of 

a circle is DXDX0.7854. 
Simple mathematics would 
lead you to believe that, 
because 1/2"X3 = 1-1/2", 
three 1/2” pipes would 
provide the same amount 
of water as one 1-1/2” 
pipe, but that is incorrect. 


In this example, we are 
determining the area of 
1-1/2” pipe, and how 


The next step is to divide 
the square area of the 
larger pipe by that of 

the smaller pipe. The 
resulting answer is the 
number of 1/2” pipes that 
are required to equal one 
1-1/2" pipe. This process 
works for all pipe sizes. 
There are other important 
design considerations in 
the complete pipe-sizing 
process, but this is a basic 
first step. 


1.768 + 0.196 = 9.02 
This demonstrates that 
nine 1/2” pipes provide 
the same volume of 
water as one 1-1/2” 
pipe. 
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1-1/2" ID PIPE 


1/2" ID PIPE 


SQUARE AREA FORMULA = D x D  .7854 


many 1/2” pipes it would take to provide the same 
volume of water as the 1-1/2” pipe. 

in? represents square inches 

1-1/2" pipe formula is 1.51.5 0.7854 = 1.768 in? 
(1.76715) 

1/2" pipe formula is 0.50.5 0.7854 = 0.196 in? 
(0.19635) 


NINE 1/2" ID PIPES 


1-1/2" ID PIPE >> 


IT TAKES NINE 1/2" ID PIPES TO PROVIDE THE 
SAME VOLUME AS ONE 1-1/2" ID PIPE 
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The next step is to add 

height or length to the 

square area to determine 

the volume of a pipe over 

its installation route. One 

gallon of water equals 

231 cubic inches of water. 1 GALLON q 231 CUBIC 
Using our 1-1/2 ID pipe, OF WATER De peni 
we proceed knowing that 

the square area of the 

1-1/2” pipe is 1.768 in?. 


The length of a pipe is D x D x 0.7854 x L + 231 = GALLON CAPACITY OF ROUND PIPE 
multiplied by the square 1.5 X 1.5 X 0.7854 x 120 + 231 = 0.918 GALLONS OF WATER 
area and then divided by f 

231 to calculate the gallon 
capacity of the pipe. If 

the 1-1/2” pipe is 10’ in 
length, we convert that 

to inches by multiplying 10' (120°) 
10’X12”, which results in 

120 inches. The next step 

is to multiply the square 

area of 1.768 by 120, 

which results in 212.16 

cubic inches (cu2). Dividing 

212.16 by 231 determines 

the number of gallons the 

10’ piece of 1-1/2” 

pipe holds. Therefore, 

212.16 + 231 =0.918 

gallons or just a little 

less than one gallon of 

water. The entire formula 

discussed in this procedure 

is DXDX0.7854XL + 

231 = gallon capacity of a 

round pipe. 


The first step in 
determining the maximum 
allowable hole size to drill 
or notch for cutting in 

a wood board is to find 
100 percent of the width 
of a wall stud or depth 

of a joist. A 2”X4" board 
is actually 3-1/2” wide or 
3.5” in decimal form. The 
next step is to identify the 
specific code stating the 
percent that can be drilled 
or notched. 


Understanding the 
components of a fraction 
is crucial in converting 
decimals to fractions. 

The top half of a fraction 
is the numerator, and 

the bottom half is the 
denominator. To convert a 
fraction to a decimal, you 
must divide the numerator 
by the denominator. When 
converting decimals to 
fractions, you will choose 
a desired denominator 
during the mathematical 
process. The standard 
denominators are 2, 4, 

8, 16, 32, and 64, all of 
which are even numbers. 
A fraction with an even- 
numbered numerator and 
denominator (2/16) can be 
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CAUTION: OTHER CODES APPLY TO DRILLING AND NOTCHING REGULATIONS. THIS 
PROCEDURE IS ONLY FOR DETERMINING PERCENTAGES OF A WALL WIDTH OR DEPTH 


100 PERCENT | 


A HOLE CAN ONLY CONSUME 
A CERTAIN AMOUNT OF THE 
WIDTH OF A WALL STUD 
~<— A NOTCH CAN ONLY CONSUME 
A CERTAIN AMOUNT OF THE 
DEPTH OF A WALL STUD 


A fraction has identifying descriptions 


Numerator —» 1 
Denominator —> 2 


Numerator divided by denominator results in the decimal equiva- 
lent of the fraction 
0.5 
2)1.0 
10 
0 


Denominator of choice relates to the final mathematical determina- 
tion desired, such as 2, 4, 8, 16, 32, or 64 
1 il 1 1 1 
4 8 16 32 #464 


A fraction is reduced to have an odd numerator (inches) 
al 


16 8 
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reduced to a lower usable 
form; for example, 2/16” is 
the same as 1/8”. 


You must then change the 
percentage to a decimal; 
for example, 50 percent 

is written as 0.50. Then 
multiply the wall width by 
the percentage allowable 
by codes—in this case, 50 
percent. The wall width 

is written in decimal 
form, and the resulting 
answer is the maximum 
number in inches that 
can be removed by 
drilling or notching. The 
next step is to convert 

the resulting dimension 
to a fraction. Because 
1.75” is a mix of a whole 
number and a percent of 
a whole number, the one 
represents 1”, and the 0.75 
represents a portion of 1”. 
To convert the portion of 
an inch to a fraction, you 
must select a denominator 
for the mathematical 
process. In this example, 
4 was chosen. Multiply 
the decimal value by the 
denominator of choice to 
find the numerator portion 
of the fraction. In this 
example, 4 x 0.75 = 3, 
so 3 is the numerator, 
resulting in 3/4”. Add that 
value to the whole value 
that was not included in 
the process to achieve the 
entire value. The answer 
indicates that 50 percent 
of 3-1/2” is 1-3/4". 
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A percentage is converted to decimal form 
50% = 0.50 


The stud width is multiplied by the decimal equivalent of a 
percentage 


Wall width Maximum dimension that can be drilled 


3.5” X .50 = 1.75” 


Allowable percentage 4 


The resulting numerical value is converted to fraction form 
1 is whole number and not relevant in the process 
The decimal value is multiplied by the denominator of choice 
75X4=3 
The resulting mathematical value is the numerator 
3 


4 


Add the result with the whole number dimension to achieve the 
entire dimension 
3" 
13 
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Using Teflon Tape 


Directions for this NO TAPE ON FIRST 
procedure are based on TWO THREADS 
holding the roll of tape in 

your right hand and the 

pipe in your left hand. If TEFLON TAPE 

reversed, then directions 

must also be reversed. 

The first two threads 

are considered starting 

threads that must remain 

exposed. Tape applied 

over them can enter the 

piping system as the 

connection is completed. 


Place the roll in your right E APPLY IN CLOCKWISE gS 
hand, and remove the «— THREADED END 


TOP OF ROLL OF PIPE 
tape from the top of the 
roll and toward the pipe. O ee 
Place your index finger in aa a ee 
the center hole of the roll 
for ease of rotation. Place 
your left index finger over — 
the end of the tape, and PULL AWAY FROM PIPE 
press the tape against the WHILE ROTATING ROLL 
threads. Begin wrapping 
the tape in a clockwise 
motion while pulling the 
roll away from the pipe. 
The tape must be applied 
tightly; it will stretch as 
you pull the roll toward 
yOu. 
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Continue rotating the 

roll around the pipe until 

three full rotations are 

completed. Be sure that 

all the threads except 

the first two threads are «vaarivianee 
covered with Teflon tape. ROTATIONS ———> 
Too little tape might cause ` PINCH TO CUT TAPE 
the threaded connection WHEN COMPLETE 
to leak, and too much 

tape is wasteful. When 

the process is complete, 

simply pinch the tape with 

your right index finger 

and thumb, and pull the 

roll toward you. Press any 

loose tape against the 

pipe, wrapping it in the 

same direction as applied. 

The process is then 

complete, and the pipe is 

ready for assembly. 
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Soldering Copper 


Q Measure the pipe length Q 
needed. Mark it with a 
pencil, or scratch the pipe 
with a sharp object or a 


reamer on the back side 
of the tubing cutter. 


Cut the copper pipe with © 
the tubing cutter. 


O Insert a reamer into the 
pipe, and twist it to 
remove any burrs created 
by the cutting process. Be 
sure that metal shavings 
do not remain inside the 


pipe. 
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Clean the pipe end with a ® 
sand cloth until the pipe is 


visibly clean. 


Insert a wire brush inside 
the fitting socket, and 
rotate it clockwise several 


times until the fitting is 
visibly clean. 


Apply a thin layer of flux 
onto the clean, dry, oil- 
free pipe end. 
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Apply a thin layer of flux O 
into the clean, dry, oil-free 


fitting socket. 


Light the torch with a 
striker, not with a match 
or cigarette lighter. 


Place the blue portion of 
the flame on the rear of 
the fitting socket. 
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T Move the torch to evenly © 
distribute the heat. Do 
not keep the heat in one 
spot for more than a few 
seconds at a time to avoid 
overheating the flux. 
Remove the heat from the 
pipe, and wipe the excess 
flux with a clean, dry rag, 
as necessary. 


Q Apply the heat again, and 

place the solder onto the Q 
edge of the fitting where 
it is connected with the 
copper tube. The solder 
is being pulled into the 
fitting socket by the heat 
due to capillary action. 
While maintaining the 
heat by moving the torch 
off and on or closer and 
farther away from the 
piping, continue to apply 
the solder. For smaller- 
diameter piping, such 
as 1/2” and 3/4”, the 
minimum amount of 
solder required is equal 
to the diameter of the 
pipe. Too much solder will 
either exit externally from 
the fitting socket or enter 
the piping system, which 
can cause obstructions 
within the piping system. 
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Pay close attention to 

the molten solder, gently 
wiping the excess from 
the piping with a clean, 
dry rag. If you accidentally 
hit the piping or wipe the 
solder roughly while it is 
molten, apply more heat 
to prevent a leak due to 
the abrupt treatment of 
the soldered fitting. Once 
a solder joint is complete, 
allow it to cool naturally. 
Cooling the molten solder 
with water can shock the 
solder joint and cause it to 
leak. 
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Brazing 


A) The measuring, cutting, 
and reaming steps for 

soft-soldering apply to 
brazing as well, but you 
do not have to clean and 
flux the pipe ends and 
fittings before assembling. 
Once the dirt and oil- 
free pipe and fittings are 
assembled, the next step 
is to ignite the torch with 
a striker. 


© Place the flame over the 
pipe to heat that area first, 

and then heat the fitting 
socket all the while moving 
the flame back and forth to 
each area and around the 
entire fitting. The goal is to 
evenly heat the pipe and 
fitting until they become 
cherry-red (glowing). Once 
the pipe and fitting socket 
are heated, it is important 
to maintain the high 
temperature with the torch. 
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© Place the silver-solder 
rod on the fitting socket 
where it intersects with 
the pipe. 


D) The solder will be pulled 
into the socket by the 


heat, much like it does 
using flux, but it will 
not flow if the torch is 
removed from the joint. 


B The goal is to apply 
enough solder that the 

ridge of the fitting is 
capped with silver solder. 
After the brazing process 
is complete, allow the 
joint to cool, and be 
very careful that the hot 
copper does not contact 
your skin. Cooling a silver- 
solder joint with water 
does not shock the joint 
like cooling a soft-solder 
joint does. 
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Flaring Copper Tubing 


A) Several styles of flaring Q : 
tools are available; 

this procedure uses a 
popular two-piece type. 
The procedure for other 
types may vary slightly. A 
flaring tool is used to flare 
various pipe sizes, which 
are identified as to the 
proper flaring hole to use. 
Cut the copper tubing 
with cutters. 
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Ream the inside of the 
pipe with a reamer. Install 
the flare nut over the 
tubing. 


O Open (spread) the clamp 
portion of the flaring tool, 


and insert tubing into the 
correct hole of the tool. 
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D) Install the flaring portion 
of the tool over the clamp 


portion. Begin securing 
the flaring tool, but do 
not completely tighten 
the flaring portion to the 
clamping portion. Align 
the flaring post directly 
into the copper tube, 
making sure that the 
tubing is placed above the 
surface of the clamping 
portion approximately 1/8” 
(the thickness of a penny). 
Complete the tightening 
of the flaring portion to 
the clamping portion. The 
flaring process can begin 
once the tool is tightened 
together. 


E} Turn the flaring tool 
handle clockwise, so the 

flaring post to the end 
of the tube is flared. 
When you have turned 
the handle completely 
downward, the flaring 
process is complete. 
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Remove the tool and 
slide the flare nut over 
the newly created flare to 
make sure that the flare 
has the right diameter. If 
the flared end of the tube 
does not fit into the nut 
or if it is too small, the 
flared end must be cut 
and the process must be 
completed again. 
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solvent Welding 


CAUTION 


Cut the pipe squarely, 
and remove all burrs that 
result from the cutting 
process. Manufacturer's 
recommendations may 
require that the pipe and 
fitting be cleaned with 

a solvent cleaner before 
the primer is applied. 
With the pipe end sloped 
downward so that the 
excess primer runs off the 
end of the pipe instead of 
down the length of the 
pipe, apply purple primer 
to the pipe end. Make 
sure that it is applied 
equally to the depth of 
the fitting socket. 


Apply purple primer to the © 
inside of the fitting socket. 
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(C) Hold the fitting with the 
socket facing downward 


so that excess glue does 
not collect inside the 
fitting, and apply glue to 
the inside of the fitting 
socket. 


D) Apply glue to the pipe 
end. 


B Push the pipe end inside 
the fitting socket, and 


twist the pipe at least 
one-quarter of a full 
turn. Hold the pipe inside 
the fitting socket for at 
least one minute. When 
pressure is no longer 
applied to the connection, 
visually inspect it to 
make sure that the pipe 
is not being forced out 
of the fitting socket. 

The pipe might have to 
be held in place longer 
than one minute under 
certain conditions such 
as warm or cold weather 
or by manufacturer 
recommendations. The 
joint is complete, but 

it can take up to 24 
hours to be ready for 
pressure testing. Do not 
pressure-test a solvent- 
weld before the duration 
stated by manufacturer's 
recommendations. 
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REVIEW QUESTIONS 


SECTION 3 Layout and Installation 


1. A pipe that extends from a wall 
during the rough-in phase to serve 
a fixture is known as a 


a. Pipe extension 
b. Stub out 

c. Rough pipe 
d. Drain 


2. The two common methods for 
testing a water piping system are 
with an air compressor and a 


a. Hydrostatic pump 
b. Well pump 

c. Circulating pump 
d. Smoke injector 


3. Before drilling wall studs, it must 
be determined whether the stud is 


a. A ceiling joist 

b. A floor joist 

c. Load-bearing or non-load-bearing 
d. Vertical or horizontal 
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A joint compound to seal a 
threaded connection is known as 


a. Teflon tape 

b. Pipe dope 

c. Primer 

d. Solvent cement 


The water pipe serving a toilet is 
a. On the left side of the drain 

b. On the right side of the drain 

c. Centered with the drain 

d. None of the above is correct 


Unless otherwise directed by a 
manufacturer, hot water is always 
on the 


a. Right side of a fixture rough-in 
b. Left side of a fixture rough-in 
c. Bottom of the cold water 

d. Top of the cold water 


A water pipe serving one fixture 
isa 

a. Fixture branch 

b. Individual fixture supply 

c. Fixture main 

d. Water service 


The paste used to soft-solder 
copper tube is known as 


a. Pipe dope 
b. Primer 

c. Cleaner 
d. Flux 


Silver soldering is the trade term 
for a welding process known as 


a. Solvent welding 
b. Brazing 

c. Arc welding 
d. Soft-soldering 


10. 


11. 


12. 


13. 


14. 


CHAPTER 12 


One method of connecting PEX 
tubing uses a crimping process, 
and the other uses a(n) 


a. Expanding process 

b. Soldering process 

c. Solvent-welding process 
d. Threaded process 


Codes dictate the hanging and 
supporting of piping based on 
a. Climate 

b. Wall location 

c. Spacing 

d. Job-site location 


A piping system that routes 
individual dedicated piping to each 
fixture is a(n) 


a. Individual supply system 
b. Manifold system 

c. Dedicated system 

d. Water service 


Most codes dictate that a hole 
cannot be drilled in a wall stud at 
the same elevation as a 


a. Nail 

b. Knot in the board 
c. Notch 

d. Electrical outlet 


Some codes dictate that, before 
applying glue to a solvent-welded 
connection, a plumber must first 
use a 


a. Purple primer 

b. Clear cleaner 

c. PVC saw 

d. Thread-sealing compound 


15. 


16. 


17. 


18. 


19. 


20. 
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A copper stub out is secured with either 
a piece of wood and a copper two-hole 
clip (strap) or a 


a. Copper clevis hanger 

b. Copper adjustable swivel-ring hanger 
c. Copper stub-out bracket 

d. Nail wrapped around each pipe 


A tub and shower faucet is installed 
during the 


a. Trim-out phase 
b. Rough-in phase 
c. Underground phase 
d. Clean-up phase 


A torch without an integral igniter is 
ignited with a 

a. Cigarette lighter 

b. Wooden matches 

c. Barbeque igniter 

d. Striker 


The typical spread of the water piping 
stub out for a kitchen sink is 


a. 4" 
b. 6” 
c. 8” 
d. 10” 


The typical spread of the water piping 
stub out for a pedestal lavatory is 


a. 4” or 6” 
b. 6” or 8” 
c. 10” 
d. 12” 


A tool used to fold (spread) the end 
of copper tubing to create a unique 
connection is called a(n) 


a. Crimping tool 

b. Expanding tool 

c. Flaring tool 

d. Copper folding tool 
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rainage VVaste and Vent 
segments and sizing 


e identify and describe segments of a DWV system. e size the various segments of a DWV system. 


e recall the basic abbreviations concerning a DWV e understand how a basic conventional septic 
system. system operates. 
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air admittance valve(AAV) 
one-way valve that allows 

air to enter a DWV system; 
used in place of a vent that 
would normally terminate with 
another vent or through a roof; 
abbreviated as AAV 


branch piping of a DWV system 
that is connected to the main 
portions of a system 


branch interval vertical 
distance along a stack equal 
to one-story height, but no 
less than 8’; also the area 
where horizontal branches are 
connected to a stack 


branch vent vent that 
connects one or more individual 
vents with a stack vent or vent 
stack 


building drain the lowest 
horizontal main drain of a DWV 
system; conveys wastewater to a 
building sewer 


building sewer the main pipe 
that conveys wastewater from 
building drain to the point of 
disposal 


circuit vent special vent 
serving at least two, but no 
more than eight, fixture traps; 
begins at its connection to a 
horizontal branch and terminates 
at its connection with the vent 
stack 


cleanout access point to 
remove obstructions from a 
DWV system 


GLOSSARY OF TERMS 


common vent vent serving 
two fixture drains located on the 
same floor and connecting either 
at the same height or at different 
heights to the drain 


D-box trade name for 
distribution box 


developed length the distance 
a pipe is installed along the 
centerline of all pipe and fittings 


distribution box fabricated 
box or structure to distribute 
effluent to drain field or other 
designated location 


drain pipe that conveys 
wastewater from point of entry 
within a DWV system 


drain field area of installation 
for perforated piping to drain 
wastewater (effluent); also called 
leach field 


drainage fixture unit 

(dfu) abbreviated as dfu, it is 
based on the rate of flow into a 
drainage system from a plumbing 
fixture used to size pipe; 
measured in gallons per minute 
or liters per second 


drainage waste and vent 
(DWV) complete system 
draining soil, waste, and 
wastewater to a point of disposal; 
circulates air within the system 


effluent wastewater that has 
been separated from solids, but 
may contain dissolved sewage 
solids 


fixture branch pipe draining 
two or more fixture drains to a 
stack or other drains; in some 
piping configurations, it can 
also be known as a horizontal 
branch 


fixture drain drain from a 
trap serving a fixture that is 
connected to another pipe; 
also called a waste arm in some 
design applications 


horizontal branch pipe 
connecting two or more fixture 
drains or fixture branches to 

a main portion of a drainage 
system; in some piping 
configurations, it can also be 
known as a fixture branch 


hydraulic gradient vertical 
distance (rise) from the trap 
weir to the centerline of the 
connecting vent fitting 


individual vent vent serving 
one fixture trap that terminates 
to open air or is connected with 
another vent; can serve more 
than one trap in some design 
applications, such as common 
venting 


interval equal to one-story 
height, but not less than 8’; 
relates to a branch connecting to 
a stack 


loop vent special vent similar 
to a circuit vent except that it 
terminates connecting to a stack 
vent instead of a vent stack and 
is used only on a top floor or at 
the highest branch interval 
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open air outside a building or 
structure; typically describing a 
vent through roof (VTR) 


P-trap non-restrictive fitting 
installed at each fixture that 
does not have an integral trap; 
uses a water seal to prevent 
sewer gases from entering 
occupied areas; often called a 
trap; see also trap 


perc test trade name for 
percolation test; a method to 
evaluate percolation conditions 
of soil 


percolation natural drainage 
ability of soil; also known as perc 


relief vent pipe circulating air 
between a drainage and a vent 
system; has several specific areas 
of installation and is sized based 
on its use 


rough-in phase of construction 
before finish or trim phase when 
all piping is installed in floors, 
walls, and ceilings 
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septic tank fabricated holding 
tank or structure to contain 
sewage and solids 


soil stack vertical pipe 
conveying wastewater that 
contains fecal matter; the same 
pipe as a waste stack; can be 
installed with horizontal offsets 


stack a vertical pipe that is at 
least one story in height; can be 
installed with horizontal offsets 


stack vent vertical pipe that 

is connected to a soil or waste 
stack; extends to open air or is 
connected with another approved 
vent; can be installed with 
horizontal offsets 


trap non-restrictive fitting or 
device installed at each fixture 
using a water seal to prevent 
sewer gases from entering 
occupied areas; see also P-trap 


trap adapter fitting used to 
connect tubular piping to other 
pipe connections 


trap distance distance a trap 
weir is located from its protective 
vent 


vent stack vertical vent pipe 
that receives other vents and 
terminates to open air or with 
stack vent; can be installed with 
horizontal offsets 


waste stack vertical pipe 
conveying only wastewater; the 
same pipe as a soil stack; can be 
installed with horizontal offsets 


wastewater water that does 
not contain sewage; term 
plumbers often use instead of the 
term effluent 


weir the portion of a p-trap 
where the water flow crests 
from the trap and enters the 
connecting horizontal drain 
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CHAPTER 13 


rotecting the health of occupants of 

a building from harmful sewer gas 

is a primary objective of regulating 
installations of drainage waste and vent 
(DWV) systems. We have discussed DWV 
fitting types and their uses in previous chap- 
ters. This chapter discusses various codes 
for the sizing of specific segments of the 
DWV system. To properly size any portion of 
a plumbing system, correct identification of 
the segment is required. Correct identifica- 
tion ensures that the proper chart in a code 


book is used. 


One of the most difficult aspects of siz- 
ing a DWV system is that there are some 
overriding codes based on the location of an 
installation. Segment identification is vital in 
locating correct sizing information, but many 
codes relate to where the segments are in- 
stalled as opposed to their definition. Some 
charts in a code book provide numerous op- 
tions based on the location of an installation; 
a plumber must choose the correct option. 
This chapter prepares you to install DWV 
piping by teaching proper segment identifi- 
cation, definitions, and sizing approaches. 


Many new home designs have different 
approaches to construction, but all follow a 
similar sequence for installing major elements. 
In a new residential home, above-ground 
DWV piping installation typically begins after 
the roof is installed and the majority of the 
framing is complete. The plumbing system is 
typically installed first, followed by heating, 
ventilation, and air conditioning (HVAC) and 
electrical systems. This phase of construction 


is known as the rough-in phase. 
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INTRODUCTION = 


Some states have residential code books that dif- 
fer slightly from those regulating commercial re- 
quirements. This chapter is a broad overview of a 
drainage waste and vent (DWV) system. The siz- 
ing charts used in this chapter include comparisons 
between the International Plumbing Code (IPC) 
and the Uniform Plumbing Code (UPC). The data 
is from their model code books; your state or city 
may have amended the information included in 


this book. 


Designing and installing a DWV system can be a 
complex and extensive process. Actual pipe and fit- 
ting installation results from sizing and code knowl- 
edge being applied to achieve the design intent. Pipe 
routes are determined by fixture locations, fixture 
requirements, relative codes, construction obstacles, 
coordination with other trades, and company instal- 
lation standards. Every project has unique obstacles. 
A plumber must adjust to changes in construction 
designs and learn through experience to increase 
productivity. 


Every plumbing fixture connected to a drain- 
age system must be protected by a fitting or device 
known as a trap that uses a water seal to prevent 
harmful sewer gases from entering a building. To en- 
sure that a drainage system does not become over- 
pressurized and that a vacuum is not created, an 
adequate vent system is installed to protect a trap 
seal. If the pressure in a drainage system is too high, 
sewer gas is forced through the water seal of a trap 
into an occupied area. If a system’s pressure becomes 
drastically negative, the trap seal can be siphoned. A 
trap seal can also be jeopardized through wicking, 
caused by debris in the fixture drain, such as string 
or hair. Figure 13-1 illustrates a P-trap. Additional 
codes are explained in the supporting text to Fig- 
ure 13-17 later in the chapter. Most codes dictate 
that the protective water seal must be 2” minimum 
and 4” maximum measured from the top dip to the 
weir. 


Each segment of a DWV system and its role is 
described in this chapter. Specifics concerning in- 
stallation and additional code regulations will be 
discussed in Chapter 14. As you study this chapter, 
focus on how each segment is connected with other 
segments and how all of them work together to cre- 
ate a functioning system. We will begin with major 
segments. 
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CROWN 


TRAP 
OUTLET 


FIXTURE OUTLET 
~<— TRAP INLET 


SEWER GAS 


TRAP SEAL 


2" MINIMUM 
4" MAXIMUM 


BOTTOM DIP 


FIGURE 13-1 P-trap segments. 


MAJOR SEGMENTS 
OF A DWV SYSTEM 


Imagine placing your thumb over the end of a drink- 
ing straw placed in a glass of water (Fig. 13-2). 
When the straw is removed from the glass, the water 
remains in the straw because a vacuum is created 
within the straw. When your thumb is removed, the 
water drains from the straw because the vacuum is 
broken. This illustrates the importance of having a 
vent system connected to the drainage system, and 
how air flow plays a major role in allowing water to 
flow by gravity. 


AVENT ALLOWS A DWV 
SYSTEM TO BREATHE 


Figure 13-3 illustrates the major segments of a 
DWV system. A list of common abbreviations for 
the major segments of a DWV system follows: 

BD: Building Drain 

BS: Building Sewer 

CO: Cleanout 

SV: Stack Vent 

VS: Vent Stack 

VTR: Vent through Roof 
WS: Waste Stack 


ot Fee eee eee eee eee eee esos 


from experience... 


In the past, we were required to build 


eoceerece eee eee, 


- separate piping systems that conveyed : 
: wastewater and sewage to different : 
: points of disposal. Thus, the terms soil q 
> stack and waste stack were used to : 


differentiate the two systems. Today, all 
j wastewater and sewage terminate to- 
- gether, so these terms can now be used 
: interchangeably. i 


FIGURE 13-2 Basis of a vent. A 
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FIGURE 13-3 Major DWV system segments. 


BUILDING SEWER 


A building sewer is the main pipe conveying sew- 
age and wastewater from a DWV system to a point 
of disposal or termination. A public sewer system 
and private septic tank are two common points of 
disposal that are legal means of termination. Codes 
regulate minimum sizes; there must be a cleanout 
serving the building sewer. A cleanout is usually in- 
stalled at the beginning of a building sewer with its 
connection to the building drain. Some codes do not 
allow a building sewer to be smaller than 4”. 


BUILDING DRAIN 


The building drain, which is the lowest horizon- 
tal portion of a drainage system, receives discharge 
from waste stacks and horizontal branches. It is 
connected with a building sewer where the clea- 
nout is installed at the junction of the two pipes. 
Many codes state that it cannot extend more than 
10’ from the exterior of the building. The size of 
building drain is based on the drainage load of the 
entire system. Minimum sizing of drains is dictated 
by codes; for example, some codes mandate that 
the smallest DWV pipe that can be buried below 
ground must have 2” diameter. Other codes allow 
smaller DWV pipe to be buried, but never smaller 
than 1-1/4". 


WASTE STACK 


The waste stack is the main vertical pipe, which be- 
gins with its connection to the building drain and 
terminates with its connection to the stack vent. It 
receives discharge from horizontal branches and 
must have a cleanout at its base. Its size is based 
on the total load of all connecting fixtures, and it 
can be offset to the horizontal position. If a waste 
stack is transitioned horizontally, strict codes dic- 
tate where branches can be connected to the stack 
in relation to the horizontal offset portion. Codes 
also state that a relief vent must be installed to 
eliminate pressure differences within the stack on 
certain designs. A 45° offset in a waste stack is still 
considered to be in the vertical position. A relief 
vent is required if a branch is connected too close 
above or below the offset area on certain designs. 


STACK VENT 


The vent for the waste stack is known as the stack 
vent. It begins at the highest branch connection to 
the waste stack and is a dry piping system. It typi- 
cally extends through the roof, but can connect with 
the vent stack prior to terminating to open air. Its 
size is typically based on the size of the waste stack, 
but in some codes the size is based on that of the 
building drain. If code allows its size to be reduced, 
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it cannot be less than half the diameter of the waste 
stack or building drain and never less than 1-1/4”. 
Most codes dictate that the stack vent cannot be 
transitioned horizontally until it is 6” above the 
flood level rim of the highest fixture connecting to 
the waste stack. When a battery-vented horizontal 
branch is used, most codes allow the stack vent to 
serve as the required relief vent for certain designs 
and to receive the loop vent, which is discussed later 
in this chapter. 


VENT STACK 


The vent stack is the main vent of a DWV system. 
It receives all other vents and is a dry piping system. 
The term vent refers to a pipe that circulates air. 
Unless otherwise indicated, all vents are dry. Several 
piping configurations allow a drain to be used as a 
vent. It is known as a wet vent and is discussed later 
in this chapter. The size of a vent stack is based on 
numerous factors including the total discharge load 
of a system, which is expressed as drainage fixture 
units (dfu), and the length it travels. It can be ter- 
minated to open air or connected to the stack vent. 
However, it must be connected to the waste stack or 
building drain in a vertical position, or no greater 
than 45° from true vertical, so it is not obstructed 
after a blockage in the drainage system or when 
moisture settles in the piping system. Some codes re- 
quire a cleanout to be installed at its base. The vent 
stack can transition horizontally without requiring 
a relief vent. However, as with all horizontal vents, 
it must have adequate slope to prevent moisture 
from settling and obstructing its airway. 


CLEANOUT 


All codes dictate that a cleanout must be installed 
at the base of every waste stack and at the transi- 
tion from a building drain and building sewer. In 
general, a cleanout must be the same size as the 
pipe when it is serving a stack, building drain, or 
building sewer, but most codes allow any pipe 
greater than 4” to be served with a 4” cleanout. Ex- 
terior cleanouts in a sidewalk or driveway must be 
installed flush with the finished grade and must be 
designed to handle relevant traffic loads. Vertical 
piping has a DWV fitting known as a test tee or a 
wall cleanout. The test tee is also used to perform 
a water test on the system during the installation 
phase of construction. 


from experience... 


The cleanout code that dictates that the 
drain cleaning cable must be installed 

in the direction of flow or no more than 
90° from the direction of flow is meant to 
ensure that it does not make a U-turn. 


For step-by-step instructions on cleanout proce- 
dures, see Procedure 13-1 on page 422. 


MINOR SEGMENTS 
OF A DWV SYSTEM 


Figure 13-4 adds other segments of a DWV system 
to show their relationship to the system. The minor 
segments are part of a fully functioning system. Even 
when many minor segments are not part of a design or 
installation, the major segments still exist. Major and 
minor segments are similar to a tree with branches 
and twigs. A tree’s trunk supports its branches and 
twigs; a DWV system’s major segments support its 
minor segments. The common abbreviations for the 
minor segments of a DWV system follow: 


BV: Branch Vent 

CV: Circuit Vent 

FB: Fixture Branch 
FD: Fixture Drain 

HB: Horizontal Branch 
IV: Individual Vent 

LV: Loop Vent 

RV: Relief Vent 


et Fee eee ee reese ee eeree eee eee e seer eee eee, 


from experience... 


Drain and vent sizes are based on their 
designated purposes, but no pipe directly 
connected to a DWV system can be less 
than 1-1/4’. 


Ce o 


. 
es 
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FIGURE 13-4 Minor DWV system segments. 


FIXTURE DRAIN 


The fixture drain serves a single fixture trap and 
is sized according to the individual fixture load 
(Fig. 13-5). A fixture drain can be horizontal or 
vertical, but never be smaller than the minimum 
trap size of a fixture. Fixtures producing large 
loads have different drain-sizing criteria; the drain 
size can be determined from a sizing chart in a code 
book. The fixture drain must have adequate slope, 
which is dictated by codes and its size. Many codes 
allow a cleanout for a low-flow fixture drain such 
as a sink to be smaller than the pipe. Most allow 
a removable joint in a trap to serve as a cleanout 
for a 1-1/4" through 2” fixture drain. Because a toi- 
let can be a point of access to the drain, the toilet 
can also serve as a cleanout for its fixture drain, 
and allowable by some codes to serve its fixture 
branch. In addition, a floor or shower drain with 


a removable strainer can serve as a cleanout for its 
fixture drain. 


from experience... 


Most cleanout codes allow a 2” fixture 
drain to be served by a 1-1/2” removable 
slip joint and a 1-1/2” fixture drain to be 
served with a 1-1/4” removable slip joint. 
Another name for some horizontal fixture 
drain designs is waste arm, but by defini- 
tion the fixture drain remains a fixture drain 
until it is connected to another drain pipe. 
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FIGURE 13-5 Fixture drain example. 


FIXTURE BRANCH 


The fixture branch is a drainpipe that connects 
two or more fixture drains to a horizontal branch 
or major segment of a DWV system (Fig. 13-6). 
It can also be called a horizontal branch because 
it could potentially connect to a major segment 
such as a stack or building drain depending on the 
specific design of the system. Its position can be 


vertical or horizontal. Its size is based on the total 
load of all the fixtures it serves and on whether 
it is vertical or horizontal. It must have adequate 
slope, which is dictated by codes and its size. It 
must be served with a full-size cleanout, but some 
codes allow a pipe greater than 4” to be served 
with a 4” cleanout. Some codes do not allow a 
fixture drain to serve as a cleanout for a fixture 
branch. Other codes allow a toilet to be consid- 
ered a cleanout access point for the fixture branch 
serving that toilet. 


HORIZONTAL BRANCH 


As its name indicates, the horizontal branch is a 
drainpipe that is connected horizontally to a ma- 
jor segment of a DWV system (Fig. 13-7). It can be 
connected either to a waste stack or to a building 
drain. It connects two or more fixture drains or a 
fixture branch to a main segment of a DWV system. 
Its size is based on the total load of all the fixtures 
it serves. Some codes allow a maximum of two 
toilets on a 3” horizontal branch, but some codes 
allow more. Special regulations must be followed 
for a battery-vented horizontal branch. Typically it 
can serve only 50 percent of the drainage load of a 
standard horizontal branch. It must be served with 
a full-size cleanout, but some codes allow a pipe 
greater than 4” to be served with a 4” cleanout. 
Because it is a drain, it must have adequate slope, 
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FIGURE 13-6 Fixture branch example. 
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FIGURE 13-7 Horizontal branch example. 


dictated by codes and its size. Battery-venting 
designs are more relevant in commercial design 
than residential. 


from experience... 


The horizontal portion of a branch that is 
connected to the building drain or waste 
stack is sized the same way whether it is 
called a horizontal branch or a horizontal 
fixture branch. 
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INDIVIDUAL VENT 


An individual vent is by definition a vertical ex- 
tension of a drain that serves one fixture trap 
(Fig. 13-8). It can be connected to other vents 
or terminated to open air. A piping arrangement 
known as a common vent allows it to serve two 
fixtures that are located on the same floor that 
connect to the same vertical drain. Another piping 
configuration that might not be allowed by some 
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FIGURE 13-8 Individual vent example. 


codes is a wet vent; it uses an individual vent for 
numerous fixtures. Some code books indicate that 
an individual vent can also be a branch vent. This is 
because an individual vent serving one drain that 
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FIGURE 13-9 Branch vent example. 


is connected directly to a waste stack is essen- 
tially a branch vent. It must be at least half the 
diameter of the drain it serves, but no smaller 
than 1-1/4". 


BRANCH VENT 


When two individual vents are connected together, 
they form a branch vent that serves as a vent for 
a horizontal branch and is connected to the vent 
stack or stack vent (Fig. 13-9). The size of a 
branch vent is based on the size and drainage load 
of the horizontal branch and the distance it travels. 
A vent must have adequate slope to drain conden- 
sation or moisture, but is not typically regulated 
like a drain regarding minimum fall per foot. A cir- 
cuit vent and a loop vent are also branch vents, but 
their specific sizing requirements differ from those 
of a standard branch vent. 


CIRCUIT VENT 


A circuit vent is a branch vent, but it is different 
from other standard branch vents and has spe- 
cific code requirements (Fig. 13-10). It serves a 
drainage piping arrangement known as a battery 
of fixtures. A relief vent must accompany a cir- 
cuit vent to complete the battery-vented system. 
Single-family residential constructions usually do 


not have battery configurations due to the small 
number of fixtures located within one room. 
Commercial plumbing installations frequently 
use batteries of fixtures in large bathroom areas. 
Circuit vent sizing is based on the horizontal 
branch size, fixture load, and distance it travels. 
It is typically connected vertically to a horizontal 
branch before the last fixture, and it terminates 
to the vent stack. A circuit vent is also known as 
a loop vent when it is located on the top floor of 
a building or at the highest branch interval. Most 
plumbing license exams have questions about cir- 
cuit venting. 


LOOP VENT 


A loop vent is a circuit vent that is installed on the 
top floor of a building or on the highest branch 
interval of a battery-vented branch (Fig. 13-11). 
Most codes do not require a relief vent to serve 
a loop-vented horizontal branch, because it loops 
back and connects to the stack vent instead of the 
vent stack. No other fixtures discharge into a stack 
vent above a loop vent connection. Because the 
waste stack no longer exists on the top floor, the 
loop vent can be connected to the stack vent in- 
stead of the vent stack. All sizing and code regula- 
tions are the same as those for a circuit vent. Some 
codes still require a relief vent on a loop-vented 
branch if more than three toilets are connected to 
the horizontal branch. 
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FIGURE 13-10 Circuit vent example. 
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FIGURE 13-11 Loop vent example. 


RELIEF VENT 


Many types of relief vents exist in a DWV system, 
all with different regulating codes (Fig. 13-12). A 
relief vent is required when a waste stack transi- 


tions from vertical to horizontal on many designs. . 


The most common relief vent is one that serves a 
battery of fixtures. It is connected to the circuit 
vent before the first fixture. Many codes mandate 
that a relief vent must be installed when a venting 
device known as an air admittance valve (AAV) is 
installed to serve a horizontal branch. A relief vent 
used on buildings more than ten stories tall is a 
yoke vent that connects the waste stack and stack 
vent to equalize pressures within the waste stack. 
A relief vent serving a battery of fixtures is half the 
diameter of the horizontal branch. All relief vent 
sizes are based on their specific use and are deter- 
mined by using a code book, but they cannot be 
less than half the diameter of the drain they serve 
and no smaller than 1-1/4”. 


from experience... 


As with all vents, the relief vent cannot 
be transitioned horizontally until it is 6” 
above the flood level rim of the highest 
fixture it serves. 


ett eeeeeee eee eer ese eee eee eee se eee ® 
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FIGURE 13-12 Relief vent example. 


SPECIAL VENTING 
ARRANGEMENTS 


Special venting arrangements are used when con- 
ventional methods do not work. For many special 
arrangements, the design must be stamped by a reg- 
istered engineer and submitted to a local code offi- 
cial or department for approval before installation. 
Even though a battery-vented design is not a stan- 
dard installation, it typically does not require special 
permission or submission for approval. Although 
this is a residential plumbing book, this information 
is included to allow a student to understand the sys- 
tems they may be required to know in preparing for 
a plumbing licensing exam or for a career develop- 
ment prospect. 


WET VENTING 


Wet venting is a piping arrangement that uses a sin- 
gle vent for more than one fixture; it is not accepted 
by all codes. Some designs would be difficult, if not 
impossible, if all fixtures within the design had to 
be individually vented. Using a wet-vented system 
can offer a solution to design situations that would 
seem impossible with only utilizing dry vents. 
A single-occupancy bathroom is commonly wet 
vented. In a typical residential bathroom consisting 
of a toilet, lavatory sink, and bathtub, the likelihood 
of all fixtures being used at the same time is min- 
imal. A single vent can serve the bathroom group 
with the initial size being based on the largest pipe 
of that group. A chart in a code book is used to size 
the wet-vented portion of the drain according to the 
actual fixtures and their dfu values. 
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FIGURE 13-13 Wet venting example. 


Wet-venting arrangements for this type of in- 
stallation are common where codes allow wet vent- 
ing and do not require approval by a code official. 
Specific sizing must adhere to codes based on the 
total drainage load and the wet-vent size. One code 
that typically remains the same for a wet-vent ar- 
rangement is that any fixture downstream of a toilet 
usually has been individually vented. Figure 13-13 
illustrates a wet-venting arrangement that is com- 
mon for a bathroom group. 


from experience... 


The dry vent serving a wet-venting con- 
figuration is sized as a branch vent. It 
typically does not have to be larger than 
half the size of the largest drain it serves, 
but it cannot be smaller than 1-1/4”. The 
drain size must be increased for most de- 
signs because of its dual use as a drain 
and vent. 


ecececeooceoooooooooooooooooooo’ 
Se ecereec rere eee eee eee ee eee eee 


COMBINATION WASTE 
AND VENT 


The two types of combination waste and vent sys- 
tems are vertical and horizontal. Both are sized 
based on their installation position and the drain- 
age load they serve. Only specific fixtures can dis- 
charge into this type of system. Codes dictate the 
fixture type and drainage load that can be handled 
by a certain pipe size. The vertical design is used for 
typical low-volume fixtures such as an electric wa- 
ter cooler or floor drains that are directly above one 
another on several floors of a building (Fig. 13-14). 
The vertical waste stack is also the vent, and, be- 
cause a separate vent stack is not required, the 
stack is classified as a wet vent. It still has a stack 
vent similar to a conventional waste stack and must 
have a cleanout at the base of the stack. It cannot 
be offset horizontally or vertically throughout the 
entire developed length of the pipe route. Code lim- 
its the distance a trap can be located from the verti- 
cal stack based on the size of the fixture drain (see 
Fig. 13-38). 


A horizontal combination waste and vent sys- 
tem has stricter regulations than a vertical design 
(Fig. 13-15). This design is most common in large 
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FIGURE 13-14 Vertical combination waste and 
vent example. 


commercial kitchens and manufacturing plants 
where there are not enough available walls to in- 
stall numerous vents. The size and type of fixtures 
that can be connected to this kind of system are 
strictly regulated and listed in a code book. Slope is 
required and dictated by codes, because this system 
is in the horizontal position and often cannot slope 
more than 1/4” per foot, regardless of the pipe size. 
The distance a trap can be located from the hori- 
zontal branch is limited and dictated by codes based 
on the size of the fixture drain. This distance of the 
trap from the horizontal drain is known as the trap 
distance and is the same distance allowable as for 
conventional drainage and vent systems discussed 
earlier in this chapter. Most plumbing license exams 
contain questions about combination waste and 
vent systems. 


ISLAND VENTING 


A kitchen sink located away from a wall can usually 
be served with an island vent (Fig. 13-16). An AAV 
can be used instead of an island vent, but it might 
not be allowed by some codes or areas of installa- 
tion. Code dictates that a dry vent cannot be tran- 
sitioned horizontally until it is 6” above the flood 
level rim of a fixture. Therefore, an island-vent ar- 
rangement is strictly regulated, because a portion of 
the vent is placed horizontally below the flood level 
rim of the fixture. The vent located under a sink can 
be transitioned horizontally below the flood level of 
the sink, but the vertical portion away from the sink 
that rises in a designated location cannot be transi- 
tioned horizontally until it is 6” above the flood level 
rim of the sink. This design might need to be sub- 
mitted to a code official before it can be installed. 


from experience... 


Island vents are rarely used in residential 
construction, but a plumbing licensing 
exam may include questions about them 
to ensure that you know the regulatory 
aspects of the codes. 
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DWV SIZING 


Layout for a DWV system is typically the first pro- 
cess completed on a project; other piping systems 
are installed around it. Pipe and fitting sizes of 
DWV system are larger than those of other piping 
systems in a residential building, and code regula- 
tions, specific fixture locations, and available space 
to install piping make it necessary to install or lay 
it out first. Layout is based on objectives, codes, 
and sizing requirements. Sizing of piping is initially 
based on theory, but health issues combined with 
practical considerations determine how codes actu- 
ally regulate the sizing of a DWV system. Sizing is a 
key area that a plumber must understand to become 
licensed. 


Theoretical methods that determine sizing are 
based on the rate of flow at which a fixture dis- 
charges wastewater into a drainage system. The 
measuring factor is a dfu. The average plumber 
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FIGURE 13-15 Horizontal combination waste and vent system. 


does not perform calculations on a job site, but in- 
stead uses the known dfu values of fixtures to locate 
correct sizing information in a code book. Most dfu 
values listed in a code book are based on the flow 
rates of certain fixtures, pipe sizes, and the dfu load 
effects on a DWV system. 


A code book provides charts that indicate the 
dfu value of typical fixtures and particular pipe 
sizes. Figure 13-17 shows a typical fixture-drain 
and trap-sizing chart based on the dfu value of 


a common fixture. This chart compares the IPC 
and the UPC. When reviewing Figure 13-17 you 
will note that “Not Listed” is included within the 
chart. This illustrates the difference between the 
IPC and the UPC in how they categorize certain 
fixture types. There are also different dfu values 
and minimum trap and drain sizes for the same 
fixtures. A table in a code book includes footnotes 
that must be reviewed when sizing from any chart; 
these footnotes are not included in Figure 13-17. 
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FIGURE 13-16 Island vent example. 


Specialized piping arrangements such as wet 
venting, common venting, and battery venting are 
not sized with standard charts but require the use 
of other charts. It is important to remember that 
a fixture drain serves one fixture trap. Separate 
sizing charts are needed for other segments of a 
system. Sizes listed in a chart do not take into ac- 
count the installation specifics of a job site. In ad- 
dition, some minimum standards listed in a code 
book can become obsolete by an overriding code. 


from experience... 


The dfu values of fixtures listed in a 

code book are often described as being 
arbitrarily chosen from the results of 
theoretical flow calculations of particular 
fixtures. A single-occupancy bathroom 
group has a lower dfu value than if all the 
fixtures were sized separately, because 
not all fixtures are used at the same time. 


All horizontal drains must have adequate slope— 
also called fall or pitch—to evacuate wastewater 


and solids. Minimum pipe slope is based on the 
pipe size. Too much slope on a waste arm serving 
a fixture can place the trap weir above the center 
of the connecting vent, causing air to be trapped 
in the waste arm (see Fig. 13-38). Trapped air in a 
waste arm can cause a sluggish drain and a gurgling 
noise. Charts in a code book list minimum slope for 
different pipe sizes, and many charts have options 
for additional dfus to be served if more slope than 
the minimum standard is provided. Figure 13-18 
shows a chart that is used to determine minimum 
slope and compares the UPC and IPC pipe slope al- 
lowances. Note that the footnote indicating the UPC 
allows for a plumber to seek approval to install pipe 
at 1/8” per foot slope on 4” and larger. 


from experience... 


With some horizontal piping configura- 
tions, too much slope can leave the solids 
behind in the drain. The minimum slope is 
dictated by codes, but the maximum slope 
is regulated only on a waste arm and on 
the horizontal branch of a horizontal com- 
bination waste and vent system. 
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Based on the International Plumbing Code (IPC) and Uniform Plumbing Code (UPC) 


Drainage Fixture Minimum Trap 
Fixture Type Unit Value and Drain Size 
UPC IPC UPC IPC 
Automatic clothes washing machine/residential with 3 2” 
standpipe 2 2° 
: Not N/A 
Bathroom group/1.6gpf (6.061pf) toilet Listed 5 N/A 
: Not N/A 
Bathroom group/toilet more than 1.6gpf (6.061 pf) Listed 6 N/A 
Bathtub with or without shower head or whirlpool 2 2 1-1/2” ie 
Bidet 1 1 1-1/2” 114° 
Dishwasher/domestic 2 2 1-1/2” 112° 
Kitchen sink/domestic with or without garbage disposal 2 1-1/2” , 
and/or dishwasher 2 172e 
Not Not 
Laundry tray/1 or 2 compartments Listed 2 Listed liye) 
Laundry Tray with or without discharge from clothes 2 Not 1-1/2” Not 
washer Listed Listed 
Lavatory 1 1 1-1/4” 114° 
Shower 2 2 1-1/2” 112° 
¥ See See 3 
Sink Below a Below Ve 
e s 1 Not 1-1/2” Not 
Bar Sink (private) Listed Listed 
Water closet (toilet)/private use/1.6gpf (3.791 pf) 3 3 3) 37 


FIGURE 13-17 Drainage fixture unit values and fixture drain and trap sizing 


chart for residential applications. 


Based on International Plumbing Code (IPC) 


and Uniform Plumbing Code (UPC) 


Pipe Size Minimum Slope 


UPC IPC 


2%” or smaller | 1⁄4” per foot %” per foot 


3” through 6” | %” per foot! | %” per foot 


8” or larger 1⁄4” per foot! | 1” per foot 


FIGURE 13-18 Pipe slope chart. 


A separate chart in a code book shows where 
an installation occurs based on the segment of a 
system. A different chart is needed if a drain is 
connected to a building drain than if it is con- 
nected to a waste stack. A vertical pipe, such as a 
waste stack, can evacuate wastewater and sewage 
faster than a horizontal pipe, such as a building 
drain. 


Codes have a practical basis for determining 
the sizing, but vary according to the particular 
segment of a DWV system being sized. Comparing 
the charts in Figures 13-19 and 13-20(A) shows 
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(Based on International Plumbing Code) 


Slope per Foot 
Pipe Size %” Slope | %” Slope %4” Slope %” Slope 
1K” N/A N/A 1 1 
1%” N/A N/A 3 3 
24 N/A N/A 21 26 
2%” N/A N/A 24 31 
3” N/A 36 42 50 
4” N/A 180 216 250 
54 N/A 390 480 575 
67 N/A 700 840 1000 
84 1400 1600 1920 2300 
OM 2500 2900 3500 4200 
12” 3900 4600 5600 6700 
ey” 7000 8300 10,000 12,000 


*Minimum size building drain serving a water closet (toilet) is 3”. 
——————ES— SS 


FIGURE 13-19 |PC version of building drain, 
building sewer, and branch sizing chart. 


the differences in allowable dfus for a particular 
pipe size based on its vertical or horizontal posi- 
tion and the IPC code. Columns in Figure 13-19 
are based on the slope of pipe because it refers to 
horizontal pipe. Columns in Figure 13—20(A) relate 
to branches and different intervals of a waste stack 
because it is concerned with horizontal branches 
connecting to a vertical stack (see Fig. 13-24 
for IPC sizing and code issues for a waste stack 
that is offset horizontally). Both charts in Figures 
13-19 and 13-20(A) indicate the maximum dfus 
a particular segment can handle without increas- 
ing the pipe size. 


In Figure 13-19, the IPC sizes horizontal 
branches or fixture drains based on whether they 
are connected to a waste stack or building drain. 
Note that pipe sizes from 1-1/4" to 2-1/2” do not 
have options to install pipe at 1/16” or 1/8” per 
foot slope. This is because, as indicated in Fig- 
ure 13-19 and based on the IPC, no pipe smaller 
than 3” can be installed with less than 1/4” per 
foot slope. 


from experience... 


Most charts in a code book have 
footnotes that indicate exceptions and 
provide clarifications. Pay close attention 
to all footnotes, because they include 
important codes and are the only place 
some codes are listed. 


The UPC uses a completely different type of 
sizing chart and is represented in Figure 13-20(B). 
The UPC combines horizontal and vertical piping 
within a single table, while the IPC has two sep- 
arate tables. Figure 13-20(B) shows an example 
of how the UPC indicates that the allowable dfus 
can be served by a specific pipe size. It also indi- 
cates the maximum length a pipe size can be in- 
stalled serving the dfu load. One unique aspect of 
the UPC method is it includes the allowable unit 
load and distance of vents within the same table 
as the drainage information. The IPC has a sepa- 
rate table in a venting chapter relating to the dfu 
values and allowable distances (as indicated in 
Fig. 13-26). 


The waste stack and building drain are the 
major segments of a DWV system that receive dis- 
charge from the fixture drains and the branches 
they serve. Both are sized based on the total dfu 
value of all drains and branches, but the build- 
ing drain must also consider the dfu load of the 
waste stack. A drain cannot become smaller as the 
wastewater flows downstream. In many instances 
the building drain must be larger than the waste 
stack because a horizontal pipe cannot drain 
wastewater at the same rate as a vertical pipe. All 
codes dictate that a drain serving a toilet must be 
at least 3” in diameter, and most codes do not al- 
low more than two toilets to be connected to a 3” 
horizontal drain. Some codes allow a maximum 
of six toilets on a 3” waste stack; once again, that 
is because a waste stack is in the vertical position 
and can evacuate wastewater faster than a hori- 
zontal drain. 
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(Based on International Plumbing Code) 


Stacks” 
Total per Total for Total for Stack Total for Stack 
Horizontal One Branch 3 Stories More than 
Pipe Size Branch’ Interval or Less 3 Stories 
1%” 3 2 4 8 
Be 6 6 10 24 
2%” 12 9 20 42 
3” 20 20 48 72 
4” 160 90 240 500 
54 360 200 540 1100 
6” 620 350 960 1900 
84 1400 600 2200 3600 
10” 2500 1000 3800 5600 
126 2900 1500 6000 8400 
154 7000 Footnote 3 Footnote 3 Footnote 3 


‘Does not include building drain branches. Use Figure 13-19 for building drain, building sewer, and 
branches of building drain sizing 
Size stacks based on combined fixture unit totals at each branch interval or story. Stacks can be 
reduced as the fixture unit load decreases, but can never be reduced less than half the diameter of the 
(A) largest size of the stack required 
Sizing load based on design criteria 


1-1/4" || 1-1/2" | 2” | 2-1/2" | 3? 4’ 5 6” 8” 10” i2 


Maximum 1 22 168 328 484 256 600 | 1380 | 3600 | 5600 | 8400 
vertical 
dfu load! 


Maximum 1 1 83 148 | 354 | 2165 | 4285 | 720° | 26405 | 4680ë | 82005 
horizontal 
dfu load! 


Maximum 45 65 85 148 212 300 390 510 750 N/A N/A 
vertical 
length of 
drainage 


Maximum 1 83 24 48 84 256 600 | 1380 | 3600 | N/A N/A 
dfu load 
served by 
a vent 


Maximum 45 60 120 180 212 300 390 510 750 N/A N/A 
feet a vent 
can travel 


Excluding trap arm (waste arm) 

Except sinks, urinals, and dishwashers exceeding 1 dfu 

SExcept maximum of six dfu traps or water closets 

4Maximum of four water closets and six dfu traps on vertical drains and stacks 

5Maximum of three water closets and six dfu traps on horizontal branches and drains 

Horizontal drainage piping has unlimited length 

NOTE: Vents shall comply with UPC Section 901.2. If vents are increased throughout their length one 
(B) pipe size larger than indicated, the maximum length of this chart is not applicable. 


FIGURE 13-20 (A) IPC version of waste stack and branch sizing chart. 
(B) UPC version of drain and vent sizing chart. 
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from experience... 


To remember which chart in the IPC to 
use when sizing a horizontal pipe con- 
necting to a building drain or waste stack, 
focus on the position of the connecting 
pipes. Remember horizontal to horizontal 
relates to a branch connecting to a build- 
ing drain, and horizontal to vertical re- 
lates to a branch connecting to a stack. 


ote eeeeeeeeereseeseeeeeseeeesecee * 


A separate chart is used to size drains that receive 
indirect discharge from a piece of equipment, such as a 
pump or ice machine. A floor drain is listed in a chart 
similar to the one in Figure 13-17. However, once it 
receives discharge from equipment, it is no longer clas- 
sified as a floor drain, but as a receptor. Sizing is based 
on known volumes of wastewater that a specific piece 
of equipment discharges into the drainage system. If 
the volume of a piece of equipment is not known, the 
dfu value of the fixture drain is based on the size of 
the trap receiving discharge from the equipment or 
from the gallons the equipment is discharging. Figure 
13-21(A) is an unlisted fixture chart based on the IPC 
and used to determine a dfu value when a fixture is 
not listed in Figure 13-17. Figure 13-21(B) is a sizing 
chart unique to the UPC book. This chart indicates 
the maximum allowable dfus that can drain into a 
specific trap arm (waste arm) 4” and smaller. This type 
of chart would be used when draining a fixture not 
listed in a chart similar to Figure 13-17. There may be 
exceptions to this sizing method, and local codes 
should be reviewed. Comparing IPC and UPC using 
Figures 13—21(A) and (B) demonstrate that UPC does not 
recognize 2-1/2” as a pipe size in this sizing approach. 


eoceree reece eee ee eee eee eee eee eee eee eee ‘l, 


from experience... 


Note that the unlisted fixture sizing chart 
in Figure 13-21 (A) lists the drain sizes in 
sequence from the smallest to the largest 
and that the numerical dfu value is in se- 
quence from 1 through 6 correlating with 
the drain sizes. 


(Based on International Plumbing Code) 


Drain or Trap Size Fixture Unit Value 
1%” 1 
ilu 2 
24 3 
2⁄2” 4 
3” 5 
(A) 4” 6 
Trap and Waste Drainage Fixture 
Arm Size Unit Value 
1-1/4” 1 
1-1/2” 3 
2” 4 
3” 6 
(B) 4” 8 


FIGURE 13-21 (A) IPC unlisted fixture sizing 
chart. (B) UPC maximum allowable dfu into a 
trap or waste arm (trap arm). 


For step-by-step instructions on fixture sizing 
procedures, see Procedure 13-2 on page 424. 


FIXTURE DRAIN SIZING 


A fixture drain installed above ground is sized ac- 
cording to the particular fixture served. A code book 
indicates the minimum drain and trap size that can 
serve a particular fixture. Actual piping location 
can change the minimum size listed in a chart for 
a drain, especially when DWV piping is installed 
below ground. Although a drain cannot be smaller 
than 1-1/4” in diameter, most codes dictate that the 
smallest drain that can be buried below ground is 2” 
in diameter. This illustrates that sizing is not always 
based on dfu theory, but can also be based on prac- 
tical experience. 


Figure 13-17 lists some minimum-size drains 
and traps for typical fixtures and is the first table re- 
ferenced when sizing a fixture drain. Figure 13—21(A) 
lists values based on a drain and trap size of any 
fixture that is not listed in other charts in a IPC 
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book. Figure 13-21(B) lists sizes and drainage loads 
for the UPC when sizing a specific portion of a 
fixture drain. A separate drain cleanout serving a 
fixture drain is not required if the drain can be ac- 
cessed with a removable slip joint connecting the 
trap to the drain. Because a toilet and a urinal are 
removable, they can serve as a cleanout for the fix- 
ture drain. A fixture drain must have an equal size 
cleanout with the exception of a 1-1/2” trap adapter 
that can serve a 2” fixture drain and a 1-1/4" trap 
adapter that can serve a 1-1/2” fixture drain. These 
sizes are acceptable by most codes. Figure 13-22 il- 
lustrates fixture drain regulations. 


from experience... 


Some codes allow a maximum of three 
sinks to be served by a fixture drain with 
one trap. This is known as a continuous 
waste. The center of the fixtures cannot be 
more than 2'-6” apart; an example of this 
configuration is a double-bowl kitchen sink. 


x ote eeeeeeceere reer esr eee eeee eee see ee ® 
. 


For step-by-step instructions on continuous waste 
procedures, see Procedure 13-3 on page 425. 


FIXTURE BRANCH AND 
HORIZONTAL BRANCH SIZING 


A fixture branch and a horizontal branch are often 
categorized as the same pipe, depending on the 
complexity of a piping configuration. From a siz- 
ing standpoint, they use the same approach, which 
is to calculate the dfu load the branch serves. Some 
branches are connected to a waste stack and some to 
a building drain. When working with the IPC, a sep- 
arate chart is used for each branch connection loca- 
tion. For example, the chart in Figure 13-19 is used 
for branches that are connected to a building drain, 
and that in Figure 13-20(A) is used for branches that 
are connected to a waste stack. When working with 
the UPC, you would reference only on chart simi- 
lar to Figure 13-2(B). A battery-vented horizontal 
branch is not sized with methods discussed in this 
section, but is explained later in this chapter. 


Unlike a fixture drain, the branches require a 
designated cleanout and cannot be served by remov- 
ing a fixture or trap. The fixture branch illustrated 
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in Figure 13-23 requires a cleanout by codes. How- 
ever, code officials might allow a fixture to serve as 
a cleanout for similar configurations as long as the 
fixture branch is not larger than the fixture drain 
size. If the fixture drain is 1-1/2” and the fixture 
branch is 2”, an official might still allow the fixture 
as a point of access to the drain. Cleanouts are in- 
stalled in various locations in a system. The maxi- 
mum allowable distance between them is dictated 
in a code book, but they typically cannot be more 
than 100’ apart. 


WASTE STACK SIZING 


The text supporting Figure 13-20 explains the IPC 
sizing methods for a waste stack and the importance 
of calculating all dfus it will evacuate. Most charts 
have several columns for different building designs, 
including a single-branch interval, a two- or three- 
branch interval, and a column for more than three 
intervals. Some codes allow a waste stack to become 
smaller when it travels up higher a building, but it 
can never be less than half the diameter of the base 
of the stack. Because various configurations exist 
on construction sites and a waste stack is a major 
artery of a DWV system, a chart can provide only 
general sizing information. Offsets in a waste stack 
are required on many projects, and the offset areas 
are regulated with additional codes. 


In some designs, a waste stack transitioning 
greater than 45° from true vertical may have special 
regulations used to size the waste stack. Some codes 
state that any connections occurring within the off- 
set area or dedicated protected zone within the off- 
set area, the waste stack can no longer be sized from 
a chart. Many codes do not allow any connections 
within the horizontal offset area or protected zone 
if more than four branch intervals are located above 
the offset. 


A vertical offset in a waste stack is considered to 
be 45° or less from true vertical. A relief vent is not 
required on a vertical offset unless there are more 
than four branch intervals above the offset area. If a 
relief vent is required, the upper and lower portions 
of the offset area must be vented separately, and the 
relief vent for the lower portion is connected to the 
vent stack. The stack vent vents the upper portion of 
the offset waste stack. One allowable way to avoid 
installing a relief vent is to size the entire stack, in- 
cluding the offset area, based on building drain regu- 
lations, which essentially means oversizing the stack. 


A code book has regulations and possibly illus- 
trations pertaining to offsets in a waste stack, many 
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~<— INDIVIDUAL VENT 


THIS PORTION OF A 
FIXTURE DRAIN IS ALSO 

KNOWN AS A WASTE ARM 
AND CAN BE THE SAME 


~<— SANITARY TEE 


SIZE AS THE TRAP 
FLOW FROM 
FIXTURE ~<— VERTICAL FIXTURE DRAIN 
j TRAP DISTANCE 


FIGURE 13-38 


P-TRAP —> w 


e TRAP CAN BE REMOVED TO SERVE 
AS A CLEANOUT 


<— LONG RADIUS 90° FITTING* 


*CHECK LOCAL CODES 


TOILET EXAMPLE 
ISOMETRIC VIEW 


CLOSET 
FLANGE 


CAN BE A STANDARD 24" 
RADIUS 90° FITTING* MAXIMUM 
DISTANCE* 


INDIVIDUAL —>} 
VENT 


3" MINIMUM 
DIAMETER 


FIXTURE 
DRAIN 


TRAP DISTANCE 


e TOILET CAN BE REMOVED TO SERVE 
AS A CLEANOUT 


*CHECK LOCAL CODES 


FIGURE 13-22 Fixture drain regulations. 
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CLEANOUT REQUIRED 
ON FIXTURE BRANCH 


FIXTURE 
DRAIN 


CLEANOUT 


| 


HORIZONTAL 
BRANCH 


FIXTURE 
DRAIN 


<— FIXTURE BRANCH 
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<— INDIVIDUAL VENT 
(TYPICAL) 


CLEANOUT 


| 


100' 
MAXIMUM 
CLEANOUT 
DISTANCE 


*IF HORIZONTAL BRANCH CONNECTS TO BUILDING DRAIN, 


USE CHART IN FIGURE 13-19 


*IF HORIZONTAL BRANCH CONNECTS TO WASTE STACK, 


USE CHART IN FIGURE 13-20 


FIGURE 13-23 Fixture branch and horizontal branch regulations. 


of which require the installation of a relief vent. Fig- 
ure 13-24 illustrates a waste stack that transitions 
horizontally. A cleanout must be installed at the 
base of a waste stack. Some codes might dictate that 
the base of a stack cleanout must be installed above 
the highest fixture located on the floor where the 
cleanout is installed. 


et ee eee eeeerececec eee ee eeeeeeeesresreereeeee, 


from experience... 


The reason waste stack offsets are 
strictly regulated is because additional 
turbulence is created within the stack 
Causing excessive positive or negative 
pressures. 


. 
. 


ecececeocooooooooooooo’ 
Swe ececeerec eee eee eee eee 


z atte eer eeceererecerecer reese ereceereeeeee ® 


BUILDING DRAIN AND 
SEWER SIZING 


The text supporting Figure 13-19 explains the IPC 
sizing methods for a building drain and the impor- 
tance of calculating all dfus that it evacuates. Be- 
cause a building drain is a major segment and the 
lowest horizontal portion of a DWV system, it has 
additional codes to adjust to variations in a project 
design. A chart lists general sizing scenarios, but 
additional codes are needed for unique situations 
that occur during the design or construction phase 
of a project. 


The building drain and building sewer are two 
different segments of a system. Some codes may 
allow different testing requirements for a building 
sewer than for a building drain because the sewer is 
outside the building and can typically be excavated 
if problems arise in the future. Most codes require 
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SIDE VIEW 
HORIZONTAL OFFSET 


l 
L— STACK VENT 


TOP FLOOR 


MORE THAN 4 
BRANCH INTERVALS 


WASTE STACK 


PROTECTED ZONE 


BUILDING DRAIN 
BASE OF WASTE STACK —> 


FLOW ——— 


SIDE VIEW 
VERTICAL OFFSET 


l 
STACK VENT ——>I 


BRANCH INTERVALS WASTE STACK 


FIFTH BRANCH INTERVAL ——> 


PROTECTED ZONE 
BELOW TOP OF STACK 2 ABOVE 
VERTICAL STACK OFFSET 
PROTECTED ZONE VERTICAL WASTE STACK OFFSET 


IF ANY CONNECTIONS ARE WITHIN THE OFFSET ——> 
AREA, THE STACK MUST BE VENTED WITHA 


RELIEF VENT OR SIZED AS A BUILDING DRAIN PROTECTED ZONE 
~<— 2' BELOW 
BRANCH INTERVAL ——> ï VERTICAL STACK OFFSET 
MORE THAN 4 
INTERVALS BELOW 
TOP OF STACK 


WASTE STACK ———> 


FIGURE 13-24 Offset in waste stack. 
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a more rigid pipe specification for a building drain 
than for a building sewer because it is within the 
footprint of the building, often making it more dif- 
ficult to replace. 


Because a vent stack can originate from its con- 
nection to a building drain, certain codes regulate 
the connection point to make sure that the vent 
stack is not affected by the turbulence created when 
the waste stack discharge enters the building drain. 
If a vent stack originates at the building drain, the 
connection must be no farther than ten pipe diam- 
eters from where the waste stack is connected to 
the building drain. A vent stack that is connected 
to a building drain must be installed in the vertical 
position. Figure 13-25 illustrates various codes for 
building drains and sewers. If the building drain is 
located underground, most codes dictate that it must 
be at least 2” in diameter even though the IPC chart 
in Figure 13-19 lists smaller sizes. The smaller sizes 
are typically relevant only when the building drain 
is installed above ground. Most codes dictate that 
the smallest building sewer must be 4”; the building 
drain can be smaller than the building sewer. Ac- 
cording to some codes, the base of a stack cleanout 
on a 3” minimum-size waste stack can be used as 
the cleanout for the building sewer if it is located 
not more than a developed length of 10’ from the 
junction of the building drain and sewer. 


CAUTION 


from experience... 


A cleanout for a building sewer that is in- 
Stalled in a sidewalk or driveway is sub- 
jected to traffic loads. Specially designed 
cleanouts based on the relevant traffic 
loads must be used. 


For step-by-step instructions on vent stack and 
building drain procedures, see Procedure 13-4 on 
page 426. 
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STACK VENT AND VENT 
STACK SIZING 


Many codes dictate that a stack vent must be the 
same size as the waste stack. Other codes dictate 
that a stack vent and vent stack must be sized by 
the length they travel and the total dfus they are re- 
sponsible for discharging. In addition, they cannot 
be less than half the diameter of the waste stack or 
less than 1-1/4". 


A vent stack, which receives vents from a 
DWV system, can originate in the vertical position 
from either the waste stack or the building drain. 
The IPC chart for sizing a stack vent is usually the 
same one used for the vent stack; it is shown in 
Figure 13-20(A). A horizontal branch that is con- 
nected to a building drain does not have to be cal- 
culated in the sizing of the waste stack. However, 
its dfu value does have to be considered in sizing 
a vent stack if the vent for that same horizontal 
branch is connected to the vent stack. This results 
in different sizing approaches for a vent stack and 
a stack vent concerning the dfus connected to each 
segment. If vents serving a horizontal drain that is 
connected to a building drain are routed to areas 
other than the vent stack, the dfus of that drain do 
not have to be considered in the total vent stack 
dfu value. 


If a vent stack and a stack vent are connected 
before terminating to open air, the larger of the 
two must be used for sizing the roof penetration, 
and the size must accommodate the stack with 
the greater dfu value. In colder climates, the min- 
imum size allowable for a roof penetration must 
be confirmed on a chart showing frost closure 
codes. 


CAUTION 


Figure 13-26 shows a typical sizing chart from 
a code book for a vent stack and stack vent. Most 
code books list more pipe sizes than are shown in 
this chart. However, this section focuses on your un- 
derstanding of the essentials and not every pipe size. 
Figure 13-27 illustrates connections to various seg- 
ments of a DWV system. 
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SIDE VIEW 


WASTE STACK VENT STACK 


| SOME CODES MAY NOT REQUIRE CLEANOUT 


CLEANOUT AT BASE OF VENT STACK 


CLEANOUT REQUIRED AT JUNCTION OF 
at BUILDING DRAIN AND BUILDING SEWER 


100 FEET MAXIMUM DISTANCE 


10 PIPE DIAMETERS 


MAXIMUM DISTANCE BUILDING DRAIN BUILDING SEWER 


*SIZE BUILDING DRAIN AND BUILDING SEWER USING FIGURE 13-19 
“MINIMUM SIZE BUILDING SEWER IS 4" (SEE LOCAL CODE) 


“MAXIMUM DISTANCE BETWEEN CLEANOUTS ON STRAIGHT RUN OF PIPING IS 100' 


SIDE VIEW 
2'-6" MINIMUM 
10'-0" MAXIMUM 
DISTANCE ental 
EXTERIOR >| 
ul BUILDING 
SEWER 


BUILDING DRAIN BUILDING SEWER 


AL SLEEVE 


REQUIRED 


*CLEANOUT MUST BE SAME SIZE AS BUILDING SEWER, EXCEPT 
A 4" CLEANOUT CAN BE USED TO SERVE PIPES LARGER THAN 4" 


*BUILDING SEWERS 8" DIAMETER AND LARGER TYPICALLY 
REQUIRE A MANHOLE 


FIGURE 13-25 Building drain and sewer regulations. 
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(Based on International Plumbing Code) 


Maximum Developed Length of Vent in Feet* 

Stack Size | DFU Total | 114” Pipe | 1%” Pipe | 2” Pipe | 2%” Pipe | 3” Pipe | 4” Pipe 
1%” 2 30 (0) 0 0 0 0 
WAY 8 50 150 0 0 0 0 
ped 10 30 100 0 0 0 0 
24 12 30 15 200 0 0 (0 
24 20 26 50 150 0 0 0 
2⁄2” 42 0 30 100 300 0 0 
3” 10 0 42 150 360 1040 0 
3” 21 0 32 110 270 810 0 
3” 53 0 27 94 230 680 0 
3” 102 0 25 86 210 620 0 
4” 43 0 0 35 85 250 980 
4” 140 0 0 27 65 200 750 
4” 320 0 (0) 23 55 170 640 
4” 540 0 0 21 50 150 580 


*Measure developed length from the point vent connects with drain to its termination point 


FIGURE 13-26 Vent stack and stack vent sizing chart. 


from experience... 


A vent stack that is connected to a waste 
stack must do so in the vertical position. 
It is completed with a wye and 45° fitting. 
It must be installed at or below the height 
of the first branch interval connected to 
the waste stack. 


For step-by-step instructions on vent stack and 
waste stack connection procedures, see Procedure 
13-5 on page 427. 


INDIVIDUAL VENT SIZING 


An individual vent is generally half the diameter of 
the drain it serves, but no less than 1-1/4” diame- 
ter. Some codes dictate that a vent must be increased 


one pipe size if it travels more than 40 feet or other 
distances dictated in a code book and that the in- 
creased size begins from its point of origin with the 
drain. 


A piping configuration that can be served by an 
individual vent is a common-vented piping arrange- 
ment (Fig. 13-28). When two fixture drains are 
located on the same floor and are connected at the 
same height or at different heights to the same ver- 
tical drain, it is vented with an individual vent. The 
dry portion of a common vent is sized the same as 
an individual vent. If the two fixtures are connected 
at different heights to the same vertical drain, the 
middle section is a wet vent. The middle section is 
sized using a different chart in a code book from the 
chart used to size the individual vent. 


Specific regulations exist pertaining to common 
venting. A toilet cannot be the fixture using the top 
drain, and the dfu value of the upper fixture must 
comply with a chart in a code book based on the 
pipe size of the wet vent. Figure 13-29 illustrates 
common vent configurations for an individual vent. 
Figure 13-30 is a sizing chart based on IPC for a 
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*USE FIGURE 13-26 TO SIZE VENT STACK AND STACK VENT 


*IF A CODE ALLOWS THE STACK VENT TO BE SMALLER THAN 
THE WASTE STACK, IT CANNOT BE REDUCED TO A SIZE THAT 
IS LESS THAN HALF THE DIAMETER OF THE WASTE STACK AND 
IN NO CASE CAN IT BE SMALLER THAN 1-1/4" DIAMETER 


[UUU u I] 
FIGURE 13-27 Vent stack and stack vent connections. 
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HIGHEST FIXTURE SERVED 
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*INDIVIDUAL VENT IS SIZED BASED ON BEING HALF 
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BE SMALLER THAN 1-1/4" DIAMETER 


*IF VENT TRAVELS MORE THAN 40', IT MUST INCREASE 
ONE PIPE SIZE 


“INCREASED PIPE SIZE MUST BEGIN WHERE THE VENT 
CONNECTS WITH THE DRAIN 
T) 


FIGURE 13-28 Individual vent sizing. 


common vent indicating the wet-vent size and its 
maximum dfu allowed. The IPC has a designated 
chart for common venting sizing and dfu load, but 
the UPC does not. The UPC identifies the regula- 
tions as vertical wet venting and does not allow less 
than 2” pipe to be used. 


CAUTION 


Drainage Waste and Vent Segments and Sizing 409 


from experience... 


One way to remember that a common 
vent exists is to recall that two fixtures 
share a common vertical drain on the 
same floor level. This configuration is 
typical if two fixtures are installed side 
by side or back to back. 


BRANCH VENT SIZING 


A branch vent is sized by the diameter of the drain- 
age branch, the dfu value it is responsible for dis- 
charging, and the length it travels (Fig. 13-31). A 
branch vent cannot be less than half the diameter 
of the drain it serves, and no less than 1-1/4” diam- 
eter. Some codes dictate that a branch vent must be 
increased one pipe size if it travels more than 40’ 
or other distances dictated in a code book and that 
the increased pipe size must begin at its connection 
to the horizontal branch. Some codes dictate that a 
branch vent must be increased one pipe size when 
two individual vents are connected to form the 
branch vent. For example, if two 1-1/2” individual 
vents are connected to form the branch vent, it must 
be at least 2” in diameter. Figure 13-31 is based on 
the IPC, and the UPC has differing distances that 
are identified in a sizing chart of a code book. 


from experience... 


Even though 2-1/2” pipe is rarely used in 

a DWV system, it is recognized when siz- 
ing pipe. If a 2” pipe must be increased one 
pipe size, you would install 3”, but on a 
licensing exam the correct answer is 2-1/2”. 


eeocecececec cece ee ee eeee ” 


$ eoceceeceeec eee eee 


CIRCUIT AND LOOP-VENT 
SIZING 


Both a circuit and a loop vent are classified as branch 
vents, but they are special piping arrangements that 
must be sized according to their unique piping allow- 
ances. The term circuit refers to isolating a portion 
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(Based on International Plumbing Code) 


Layout and Installation 
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TOP FIXTURE ~<— LOWER FIXTURE DRAIN 


CANNOT BE 


A TOILET 
SIZE AS A WASTE STACK 


FIXTURE BRANCH 
a E] 
FIGURE 13-29 Individual and common vent. 


of a DWV system to create its own little system. It 
makes its own air-circulating circuit from other seg- 


Drain Size 


DFU Maximum ments, even though the drain and vent are connected 
to the same main segments as other branches do. 


1%” 


1 Most codes dictate that any fixture located down- 


o” 


4 stream of a toilet must be individually vented; how- 


2y" 3" 


See 
FIGURE 13-30 Common vent 


sizing. 


ever, most codes allow for numerous fixtures to be 
piped in a battery. A toilet can be downstream of an- 
other toilet when it is installed in a battery-vented 
configuration served by a circuit or loop vent, but it 
must adhere to numerous regulations. 


6 
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*SOME CODES DICTATE THAT A BRANCH VENT 
MUST INCREASE ONE PIPE SIZE WHEN TWO 
INDIVIDUAL VENTS CONNECT TO FORM A BRANCH VENT 


FIGURE 13-31 Branch vent. 


The horizontal battery-vented branch is sized 
based on the total dfus it serves and must be piped 
full size throughout its length. Most codes dictate 
that no more than eight fixtures can be connected 
to a battery-vented horizontal branch. If more than 
eight are connected, the excess fixtures must be in- 
dividually vented. A circuit vent begins in front of 
the last fixture connected to the horizontal branch 
and terminates with the vent stack. A code book 
may have a vent sizing chart for sizing a circuit or 
loop vent, and codes might limit the distance it trav- 
els based on a pipe size of the vent. 


A relief vent is required on a battery-vented 
branch served with a circuit vent. A loop vent is the 
same as a Circuit vent except that it does not require 
a relief vent. However, some codes dictate that a 
relief vent must be installed if more than three toi- 
lets are connected to a battery-vented branch. The 
loop vent is still connected in front of the last fix- 
ture of the horizontal branch, but it is connected to 
the stack vent instead of the vent stack. Some codes 
dictate that a relief vent for a battery-vented branch 
must be at least half the diameter of the horizontal 


branch, but no less than 1-1/2” diameter. This varies 
from other vents that cannot be smaller than 1-1/4” 
diameter. Figure 13-32 illustrates two battery-vented 
horizontal branches and the difference between a 
circuit vent and a loop vent. 


eoeeeceeec eee eee eee eee eee eee eee eee eee ey, 


from experience... 


Most codes dictate that not more than 
two toilets can be installed on a 3” 
horizontal branch, but some codes al- 

low more. When a 4” branch is needed 

to accommodate the number of toilets, 
the minimum size of the relief vent, cir- 
cuit vent, and loop vent connected to a 

4” battery-vented branch is 2” because a 
vent cannot be less than half the diameter 
of the drain it serves. 
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FIGURE 13-32 Circuit and loop vents. 
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ISOMETRIC VIEW 
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FIGURE 13-33 Wet venting. 


WET-VENT SIZING 


One regulation that typically remains in effect even 
when installing wet-vented piping arrangement is 
that no fixture can be installed downstream of a toi- 
let without being individually vented. If a toilet is 
one of the fixtures within a wet-vented configura- 
tion, the minimum size of the dry vent is 1-1/2” be- 
cause a vent must be at least half the diameter of 
the drain it serves. The reasoning behind this vent 
sizing is that a toilet must have at least a 3” diam- 
eter drain. That step in the process established only 
the dry-vent portion of the bathroom group; the 
size of the wet-vented portion is based on the dfu 
value of the fixture or fixtures draining into the wet 
vent. A chart in a code book usually lists the allow- 
able number of dfus that can drain into a particular 
size wet vent. Figure 13-33 illustrates a wet-vented 
piping arrangement. Figure 13-34 shows a typical 
sizing chart that might be found in a code book. 
Any fixtures or branches that are not part of the 
wet-venting arrangement must be connected down- 
stream of the wet-vented configuration. 


from experience... 


The bottom half of the wet-vented portion 

of a horizontal pipe conveys wastewater, 

and the top half is for airflow. This is why a 
wet-vent configuration must be larger than a 
standard size drain that is individually vented. 


(Based on International Plumbing Code) 


Wet Vent Size DFU Maximum 
1⁄2” 1 
2 4 
242" 6 
3” 12 


FIGURE 13-34 Wet-vent sizing chart. 


AIR ADMITTANCE 
VALVE SIZING 


AAVs allow air into a DWV system, but do not al- 
low sewer gas to escape into an occupied area. They 
were initially introduced for use under a kitchen 
sink or in remote areas where it is difficult to in- 
stall individual vents. A stack vent must terminate 
to open air and cannot be served by an AAV. 


Many codes require a relief vent on a horizon- 
tal branch served with an AAV. Remember that a 
horizontal branch is DWV pipe that serves two or 
more fixtures, so a relief vent is not required for a 
fixture drain that is served with an AAV. This type 
of relief vent differs from those described for offsets 
in waste stacks and for battery-vented branches. 
Figure 13-35 illustrates a relief vent installed on a 
horizontal branch vented with an AAV. 


AAV sizing is based on the size of a vent 
using the same codes as those for individual 
and branch vents. If the AAV is installed on an 
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FIGURE 13-35 Air admittance valve relief vent. 


individual vent, the pipe size and the AAV se- 
lection would be determined as shown in Fig- 
ure 13-28 and would need to comply with all 
codes for an individual vent. Some codes dictate 
that only a certain number of dfus can be served 
with a particular size of AAV. A chart in a code 
book is used for sizing based on the dfu the AAV 
serves. An AAV cannot be installed in supply or 
return HVAC air plenums or be used in certain 
specialty DWV systems such as acid neutraliza- 
tion systems. Access must be provided to replace 
an AAV; wall boxes with louvered access covers 
are sold for this purpose. The AAV must be in an 
area where there is adequate air to enter a DWV 
system through it. The height above the trap and 
above the insulation in an attic is regulated as il- 
lustrated in Figure 13-36. 


CAUTION 


from experience... 


Suspect that the AAV has failed if sewer 
gas odor is present in an occupied area. 


et ee eer eeererereeeec eee reer eceere reeves © 
. 


ISLAND-VENT SIZING 


A sink located away from walls is a candidate for 
being served with an AAV, but if they are not al- 
lowed by codes, the sink can be piped with a 
special venting arrangement known as an island 
vent. Most special DWV designs must receive ap- 
proval from code officials before installation can 
begin. Most codes limit island venting to sinks 
and lavatories, which includes dishwashers and 
garbage disposals when used for a kitchen sink 
installation. 


If an island vent is installed on a bottom floor 
and the pipe is installed underground, most codes 
dictate that a below-ground DWV pipe must be 
at least 2” diameter. If the island-vent pipe is not 
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FIGURE 13-36 Air admittance valve installation. 


installed below ground, drain and vent sizing is 
based on codes for standard fixtures. A full-size 
cleanout must be installed to serve the lowest por- 
tion of an island vent under the sink. The island- 
vent piping must be installed vertically as high as 
possible under the sink before it is transitioned 
horizontally. 


All fittings used in the vent piping below the 
flood level rim of the fixture must comply with 
drainage codes for their flow patterns. The island 
vent under the sink must be a vertical continua- 
tion of the fixture drain, and the fixture drain 
must be connected on the top half of a horizon- 
tal drain. Vertical means that a pipe is in the true 
vertical position or no more than 45° from true 
vertical. Figure 13-37 illustrates an island-vent 
configuration. 
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from experience... 


Before the use of AAVs, island-vent 
piping systems were common. They are 
still common in laboratories and for many 
commercial installations. 


For step-by-step instructions on island-vent instal- 
lation procedures, see Procedure 13-6 on page 
428. 


TRAP DISTANCE 


An important layout consideration based on DWV 
codes is the location of a fixture trap in relation to 
its protective vent. Codes that regulate the maxi- 
mum distance a trap can be located from a vent— 
trap distance—are based on the size of the drain 
and trap. The trap distance is determined along 
the pipe route as opposed to simply measuring 
the distance from the vent to the center of a fix- 
ture, known as developed length. A code book has 
a chart indicating the maximum distance. Figure 
13-38 illustrates trap distance, and Figure 13-39 
shows a typical chart for determining allowable 
trap distance. The IPC and UPC differ pertaining 
to the trap distances, which are compared in Fig- 
ure 13-39. The IPC allows for greater distances on 
all pipe sizes, while the UPC limits distances and 
also does not allow for this chart to relate to a wa- 
ter closet (toilet). 


The horizontal fixture drain extending from 
the vent to the trap is also known as a waste arm 
(trap arm). Some codes regulate the maximum ver- 
tical distance a trap weir can be from the centerline 
of the connecting vent fitting. This distance known 
as hydraulic gradient depends on the slope of the 
waste arm. Some codes dictate that the total verti- 
cal rise of the waste arm cannot exceed the diameter 
of one pipe size of the waste arm. For example, a 
1-1/2” waste arm cannot rise more than 1-1/2” from 
the center of the vent fitting to the trap weir. 


The closest a trap can be located to a vent is 
also regulated; that code is known as crown vent- 
ing. The weir of a trap cannot be less than two pipe 
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FIGURE 13-37 Island-vent sizing. 
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FIGURE 13-38 Trap distance and developed length. 
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Based on International Plumbing Code (IPC) 
and Uniform Plumbing Code (UPC) 
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=M] 
FIGURE 13-39 Trap distance chart. 


diameters from the connecting vent; that is, a 2” 
trap weir cannot be less than 4” from the inlet of a 
vent fitting. 


CAUTION 


from experience... 


Hydraulic relates to fluid, and gradient re- 
lates to slope; hydraulic gradient is simply 
a term used to describe the total slope of 
the waste arm (trap arm) so water flows. 


For step-by-step instructions on crown venting pro- 
cedures, see Procedure 13-7 on page 430. 


SEPTIC SYSTEMS 


Areas that are not incorporated into a city or other 
formal municipality use private sewage-disposal sys- 
tems. Many years ago, outhouses were used for toi- 
let facilities and are still used in some rural areas of 
the United States. However, pollution and health con- 
cerns within communities led to the prohibition of 
outhouses and dictated the use of septic tank systems. 
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Further advancement in septic system design, 
combined with trial and error, has changed the in- 
stallation requirements of private disposal systems 
in the past few decades. Many private disposal sys- 
tems use pumps to discharge effluent to a drain 
field and do not require a distribution box. In con- 
ventional septic tank systems, the ground absorbs 
wastewater (effluent) that flows from the tank by 
gravity. Figure 13-40 shows a conventional grav- 
ity septic tank system. Further breakdowns of each 
area are shown throughout this section. 


Harmful chemicals, grease, toxic substances, and 
any pollutants are concerns for septic tank systems 
and a potential threat to the environment. Grease 
will usually solidify in the septic tank but cause the 
tank to become less effective, and it will require 
manual removal. Chemicals or toxic substances that 
do not solidify can flow out of the tank and eventu- 
ally enter the ground. 


from experience... 


Garbage disposals are typically not 
installed on a septic tank system. 
Advancement in biodegradable agents 
has allowed them to be used, but they are 
not commonly used. Any food particles 
that escape from the septic tank could 
obstruct the distribution box or drain field 
piping. 


Numerous septic system installation options are 
available for many specific obstacles on a desired 
building location. As with most plumbing-related 
codes, strict regulations that dictate installation 
practices vary among states and, in many instances, 
among counties of a state. 


The operation of a conventional septic system is 
simple. It requires proper soil conditions that must 
be adequate for percolation of effluent into the sur- 
rounding soil. The trade name for that process is 
perc. If the ground does not perc due to a high wa- 
ter table or conditions that do not allow proper wa- 
ter absorption, such as presence of rock, alternative 
private disposal systems must be considered. Soil 
conditions must be inspected by local authorities 
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FIGURE 13-40 Conventional septic system. 


through a perc test or a site evaluation to ensure 
that the treatment qualities of a particular property 
are adequate. Figure 13-41 shows a typical septic 
tank design. Actual choice of a design is based on 
the plumbing system served and local codes. 


: from experience... 


- A perc test is simply a way to establish 

: how fast soil absorbs water. One basic 

i approach is to establish from a local f 
- regulating department the minimum 
depth and diameter that a hole must be 

dug, and then dig the hole and fill it with 

: water. Track the time it takes for the water: 
to absorb into the ground to determine 
: the percolation of the soil. : 


Many states adopt guidelines for sizing septic 
systems based on the occupancy of a dwelling. Resi- 
dential application guidelines based on federal stan- 
dards estimate that a single occupant generates 60 
gallons per day (gpd) of wastewater. This includes 
all uses of a plumbing system, such as preparing 
food, washing clothes, using a toilet, and bathing. 
Other methods are also used, but the 60 gpd per oc- 
cupant is the most common. Sizing is also based on 
the number of bedrooms per residential dwelling; it 
assumes that two people occupy one bedroom using 
120 gpd per bedroom. 


The maximum rate of flow from a building 
must be able to adequately percolate into the soil 
to install a septic tank system. In a conventional 
gravity system, sewage-laden wastewater flows 
from a building to a holding area known as a sep- 
tic tank. The solids are retained in the tank, and 
the effluent flows to a distribution box that distrib- 
utes the effluent equally to several perforated pipes 
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DROP PIPE MUST 
BE ACCESSIBLE 
FROM COVER 


ABOVE WATER 
LEVEL 
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SIDE VIEW 


INLET DETAIL 


COVER 


WATER LEVEL 


FIGURE 13-41 Conventional typical septic tank. 


for drainage into the ground. Figure 13-42 shows 
a typical distribution box or D-box. Actual design 
is based on the number of pipes it must serve and 
local regulations. 


et ee eeeeeeerece see e eee see seer ees seeeeee, 


from experience... 


The distribution box is usually made of 
concrete and ordered according to the 
number of outlets needed based on a 
particular drain field design. 


ete eereeeeeereeeseeeseeeeese see seeee * 


Effluent evaporates in many arid regions of 
the United States, but local regulations usually do 
not take evaporation into account in determining 
the size of a drain field. With an evapotranspira- 
tion system, 100 percent of the effluent evaporates. 
This type of system needs a larger drain field, be- 
cause it has to hold more water than a conventional 


drain field. A conventional drain field drains re- 
gardless of the moisture present in the atmosphere, 
but an evapotranspiration system must rely on the 
evaporating qualities of the atmosphere to function 
properly. 

The distance between a water well and a septic 
tank system is strictly regulated. A drain field too 
close to a well can contaminate drinking water. In 
most states, the septic system must be at least 50 
feet away from a well. Regulations also exist re- 
garding the location of a septic system in relation to 
adjacent properties. A well on one property must be 
located a minimum distance away from a septic sys- 
tem on an adjacent property. 


Perforated pipes are surrounded by gravel or 
stone, and the actual design is regulated by codes 
for specific locations. Many areas with rocky soil 
mandate that sand must be used in conjunction 
with gravel or stone. Areas that are prone to flood- 
ing have their own methods or allowable designs 
for septic systems. 


Figure 13-43 shows a typical drain field, also 
known as a leach field or by the misleading term 
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ISOMETRIC VIEW 


BURIED COVER 


FROM SEPTIC 


FLOW TANK 


OUTLETS 


* NUMBER OF OUTLETS VARIES WITH SYSTEM DESIGN 


* PIPES FROM OUTLETS ROUTE EFFLUENT TO DRAIN FIELD 
[O l I a I I] 


FIGURE 13-42 Conventional distribution box. 


SIDE VIEW OF SINGLE PIPE 


jo WASHED STONE 


EFFLUENT PERCOLATES 
INTO THE GROUND 


*SOME DRAIN FIELDS USE SAND AND STONE 
*SOME ARE DESIGNED AS A SINGLE FIELD WITH MULTIPLE PIPES 


FIGURE 13-43 Conventional gravity drain field. 
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Green Tip 


If harmful chemicals or toxic substances flow 
into the drain field, they can leach into the 
groundwater polluting the drinking water of 
those who use wells. 


filter bed. A drain field does not filter wastewa- : 
ter, and any solids that enter the piping system can 
eventually disable the system. This is one area of a 
septic tank design that must be scrutinized exten- 
sively. Improper installation can render the entire 
system useless and can result in extensive repair or 
replacement. Periods of heavy rainfall can also ham- 
per the percolation ability of soil that becomes satu- 
rated and cannot properly absorb effluent. 


Se eeceee oer eeeoee 


S UMMARY e Fitting use is based on the flow position of a 
drainage system. 
e The three flow positions of a drainage system 


e A plumber must focus on being the front line of : 2 ; i 
are horizontal to horizontal, vertical to hori- 


protection for the public against harmful sewer 


gas. 


Segment identification of certain drains and 
vents is required to properly size a DWV 


zontal, and horizontal to vertical. 


Cleanouts are required based on the changes in 
direction and distance, and they are required at 


system the base of a stack. 


e The slope required on a horizontal drain varies 


e DWV codes vary by region, state, and local nana 
based on the pipe size. 


areas. 
e A vent is sized based on the drain size, the dis- 


e A drainage fixture unit (dfu) is the basis for siz- ; f Pan 
tance it travels, and its classification. 


ing a DWV system. 
e Most codes dictate that one 3” minimum vent 


e A code book is required to locate the allowable : 
must be extended to open air. 


dfu load on a particular pipe size. 
e A wet vent is a drain for allowable fixtures that 


e Minimum trap size is dictated by codes and lo- , 
are used as a vent for other fixtures. 


cated in the appropriate table in a code book. 


GREEN CHECKLIST 


C] Never allow harmful chemicals or 
toxic substances to enter a septic 
tank system. 


C] The groundwater can be polluted 
by chemicals or toxic substances. 


Ll 


Pollutants that enter a septic tank 
can eventually drain into the ground. 
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Positioning Cleanouts at Base of Stacks 


Qo Cleanout in direction Q SIDE VIEW 
of flow: This prevents a 
drain cleaning cable from VERTICAL DRAINOR STACK 


having too much tension 
when entering the drain. 


SOME CODES MAY NOT REQUIRE 
A CLEANOUT AT THE BASE OF A 
VENT STACK AND SOME CODES 
ALLOW THE FIXTURE WASTE ARM 
TO BE USED AS A CLEANOUT FOR 
A VERTICAL FIXTURE DRAIN 


TEST TEE OR 
WALL CLEANOUT 


FLOW ——> 


© Cleanout 90° from © SIDE VIEW 
direction of flow: The 

cleanout can be installed 
90° from the direction 
of flow. This illustration 
shows that the cleanout is 
facing you, but it can also 
be installed 180° from this 
view. 


CLEANOUT FACING YOU 
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Cleanout installed 
incorrectly: This incorrect 
installation would force 
the drain-cleaning cable to 
make a U-turn. This would 
result in greater tension 
on the cable, which 

could cause it to break 

or become lodged in the 
drain. 


(D) Correct installations 


(c) SIDE VIEW 


CLEANOUT ILLEGALLY 
INSTALLED 


© 


~— VERTICAL ~— CLEANOUT 
PIPE (TYPICAL) 
(TYPICAL) 

HORIZONTAL 

PIPE 

(TYPICAL) 


<< FLOW 


| 


WITH FLOW 90° LEFT 90° RIGHT 
OF FLOW OF FLOW 
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Unlisted Fixture Sizing 


e Use Figure 13-21(A) on 
page 400 to locate the 
trap and drain sizes for 
five dfus. 

Because the floor drain 
is not serving as it is 
listed in Figure 13-17 
on page 397, it must be 
sized as a waste 
receptor using this 
method. 


Some codes dictate that 5 DRAINAGE FIXTURE UNITS (DFU) 
if the trap is located FROM EQUIPMENT 
underground and the 
chart indicates a pipe size 
less than 2” in diameter, 
you must install 2” pipe, 
because that is the 
smallest size that can be 
buried below ground. 
24" 
MAXIMUM 


FIXTURE DRAIN 


5 DFU'S MAKE 
THIS TRAP 3" DIAMETER 
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PROCEDURE 13-3 


Continuous Waste 


Two sink connection: Q 

Two sinks are connected P 30" MAXIMUM 

to a single trap with one 

fixture drain. The centers CONNECTS TO 
of the sink outlets cannot SINK (TYPICAL) 
be more than 30” apart. ~<—— SANITARY TEE 
You can purchase a 

continuous waste outlet STANDARD 


RADIUS 
assembly or create your Sor ELBOW TO FIXTURE 


own. DRAIN —> 


Three-sink connection: (B) 

Three sinks are connected 

to a single trap. A sanitary 30" MAXIMUM 30" MAXIMUM 

cross can be used to 7 >| 


create the two horizontal 
continuous waste SINK (TYPICAL) 
extensions at the same 

level. 


CONNECTS TO 


SANITARY CROSS 
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Three-sink connection: This © 
configuration allows you 

to install a sanitary tee on P 30" MAXIMUM sik 30" MAXIMUM 

its back, even though it is 

illegal to install it in that CONNECTS TO 
position anywhere else in SINK (TYPICAL) 
a DWV system. Fittings 

installed on the fixture side 

of a p-trap do not have 

to comply with the fitting 

codes that regulate DWV 

fittings on the downstream 

side of the trap. 


SANITARY TEE 


Note: Any of these configurations 
is allowable with a maximum of 
three sinks. Remember that sink 
outlets cannot be more than 30” 
from center to center. 
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Vent stack connection ISOMETRIC VIEW 

to building drain: When 

establishing a vent stack MAXIMUM 10 PIPE 

from the building drain, DIAMETERS 

the center of the vent re 

stack cannot be more 

than ten pipe diameters VERTICAL 
away from the waste VENT STACK 
stack. This illustration 

shows how a wye fitting 

and a 45° fitting are used 

to make sure that the sE FITTING 
vent stack connection is 
in the vertical position. A 
combination wye and 1/8 
bend fitting (combo) is 
also acceptable. 


STACK CO 


WYE FITTING 


FLOW 


Incorrect vent stack ISOMETRIC VIEW 
connection to building 

drain: This illustration 

shows an illegal 

installation because the 

vent stack is connected WASTE ——> 

to the building drain in STACK, 

a horizontal position. If 
the vent stack must offset 
away from the building 


drain, the connection 
must remain vertical or no D eae 
fo} 
more than 45° from true | HORIZONTAL 
vertical. POSITION 


FLOW 


CLEANOUT —> 
(TYPICAL) 


BUILDING 
DRAIN 
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Vent stack connection SIDE VIEW 

to waste stack: A vent 2 

stack must originate in a ~<— CONTINUES UP 
vertical position. Vertical is THE BUILDING 
considered no more than 
45° from true vertical. A 
wye fitting is installed with 
a 45° fitting to create the 
vent stack. The vent stack FIRST BRANCH 
must be established at the INTERVAL 
same height as or below 

the first branch interval on 

the waste stack. 


i 


i 
B 
__ 
I 
C 
= 
5 
i 


~<— VENT STACK 


BASE OF STACK 
CLEANOUT (TYPICAL) 


45° FITTING 


WYE ——> 
FITTING 


LONG RADIUS 

FITTING 
BUILDING / 
DRAIN 


Incorrect vent stack SIDE VIEW 
connection to waste T 

stack: This installation 

violates codes. It places 

the vent stack connection ae 
in the horizontal position. 


Horizontal is considered 
to be more than 45° from SANITARY —> 90° FITTING 


true vertical. TEE 


FITTING 
ILLEGAL 


HORIZONTAL 
CONNECTION 


FLOW 


BUILDING 
DRAIN 


CHAPTER 13 Drainage Waste and Vent Segments and Sizing 429 


Island-vent drain TRUE 
connection to branch: VERTICAL 
An island-vented drain 

must be connected to 

the top half of a drainage 

branch in the vertical 

position or no more 

than 45° from the true 

vertical. Because the 

code does not specifically 

state that the connection BOTTOM HALF 

must be vertical, your OF PIPE 

local inspector may 

allow a variation of this 

connection. 


\=— TO FIXTURE 
(TYPICAL) 


Island-vent under-sink 

connection: The sink 

connection and waste 

arm are installed like 

other sink installations. 

The dry vent is routed as Recon EtG 
high as possible under UNDERSIDE 
the sink. Codes normally OF COUNTER 
dictate that a dry vent 


TOP 
must be at least 6” above a 


the flood level rim of the A. 
fixture it serves before it LOCATION CAN 

is transitioned horizontal. T VARY AND ONE 
This routing of a dry vent EE e tHe 
below the flood level rim DRAIN AND VENT 
of a fixture is the only 
exception to that code. A 
cleanout must be installed 
to serve both the drain 


and the vent. 


COUNTER TOP FLOOD LEVEL RIM 


yy We | 


DRAINAGE 
BRANCH —> 


430 SECTION 3 Layout and Installation 


Island-vent termination: TO TERMINATION 
HORIZONTAL POINT 
TT 


After routing the island 
vent from the sink 
location to a wall or other 
designated area, the vent 
must remain vertical until 
it is at least 6” above the 
flood level rim of the 
fixture. All vent fittings VERTICAL VENT 
for the entire island-vent IN WALL OR 

i DESIGNATED 
system must comply with . AREA 
drainage codes, which ee 
means the 90° fittings 9 FITTING MUST 
below the flood level rim = COMPLY WITH 
may have to be a long DRAINAGE CODES 
radius-type based on most 


codes. FROM HORIZONTAL VENT 
ISLAND BELOW FLOOR 


SINK AREA 
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PROCEDURE | 3-7 


Crown Venting 


A) Vertical example: Trap- Q SIDE VIEW 
distance codes state that 
the maximum distance a FLOW 
trap weir can be from the Ea 
connecting vent. Crown 
venting code regulates 
how close the weir can be. 
The weir cannot be closer 
than two pipe diameters 
from the vent. If the pipe SANITARY 
in this illustration has a TEE 
2” diameter, the minimum 
trap distance is 4”. 


į TRAP DISTANCE | | VERTICAL 
VENT 


VERTICAL 
FIXTURE 
DRAIN 


Because codes allow FROM 
a FIXTURE 

certain fixtures to be 

installed using a wet 

vent, the fixture in 

this illustration uses 

the horizontal branch WET-VENTED ——> 

as a drain and vent. HORIZONTAL 

This configuration is BRANCH 

often overlooked when 

considering trap distance 

and crown venting codes. 

If the diameter of the 

p-trap in this illustration 

is 3”, the minimum trap 

distance is 6”. 


Horizontal example: O FLOW 
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REVIEW QUESTIONS 


Each code-related question purposely has a 
selection for none of the above. If none of the 
answer selections is correct according to your 
state code, write none of the above in your 
answer. 


1. Drainage from a building drain to a 
public sewer or private septic tank 
flows through a 


a. Horizontal branch 
b. Building sewer 

c. Waste stack 

d. Fixture drain 


2. A stack vent is an extension of the 
a. Vent stack 
b. Building drain 
c. Circuit vent 
d. Waste stack 


3. A loop vent is the same as a 
circuit vent except it does not 
require a relief vent and it is 
connected to the 


a. Stack vent 

b. Branch vent 

c. Vent stack 

d. Individual vent 
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. A waste stack is a vertical extension 


of the 

a. Building drain 
b. Building sewer 
c. Stack vent 

d. Vent stack 


. Adrain serving a single-fixture trap 


is knownasa 

a. Fixture branch 

b. Fixture drain 

c. Horizontal branch 
d. Individual drain 


. The connection of a building drain 


and building sewer requires a 
a. Relief vent 

b. Cleanout 

c. Wet vent 

d. Horizontal branch 


. Adrain that is also used as a vent 


for other fixtures within a group is 
called a 


a. Drain vent 

b. Vent drain 

c. Waste vent 
d. Wet vent 


. Akitchen sink located away from a 


wall is a fixture that can be vented 
with 

a. A 2” vent 

b. An island vent 

c. A return vent 

d. A vent drain 


10. 


11. 


12. 


13. 


CHAPTER 13 


Every plumbing fixture directly 
connected to a drainage waste and 
vent system must have 


a. A trap 

b. A handicap faucet 
c. An aerator 

d. A wall anchor 


Minimum size pipe that can be 
directly connected to a DWV 
system is 


a. 1” 

b. 1-1/4" 

c. 1-1/2" 

d. None of the above—provide answer 


A dry vent cannot be transitioned 
horizontal until it is above the 
flood level rim of a fixture it serves 
a distance of 


a. 2” 
b. 4" 
c. 6” 
d. None of the above—provide answer 


The minimum size a vent can be, 
without knowing any specifics, is 
less than half the diameter of the 
a. Drain it serves 

b. Largest vent 

c. Vent stack 

d. None of the above—provide answer 


The minimum size DWV pipe that 
can be buried below ground is 


a. 2” 
b. 3” 
c. 4” 
d. None of the above—provide answer 
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14. The minimum size of a building 
sewer is 


a. 2” 
b. 3” 
c. 4” 
d. None of the above—provide answer 


15. The minimum and maximum trap 
seal depth is 


a. 1” and 2” 
b. 2” and 3” 
c. 2” and 4” 
d. None of the above—provide answer 


16. The code that regulates the 
minimum distance a trap weir can 
be from the connecting vent fitting 
is called 


a. Trap distance 

b. Crown venting 

c. Developed length 
d. Hydraulic gradient 


17. A drainage pipe must be sloped 
to drain adequately. The minimum 
per foot slope is determined based 
on the 


a. Specific job conditions 

b. Preference of a company 
c. Type of piping 

d. Size of piping 


18. A horizontal branch connected to a 
building drain is considered to be a 
horizontal to 


a. Vertical connection 
b. Horizontal connection 
c. Upward connection 
d. Downward connection 
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19. 


20. 


21. 


22. 


23. 


Sizing for a horizontal branch 
that is connected to waste stack is 
based on 


a. Drainage fixture units 
b. Size of building drain 
c. Size of stack vent 
d. Size of vent stack 


The minimum size pipe that can 
serve a toilet is 


a. 2” 
b. 3” 
c. 4” 
d. 6” 


The maximum distance between 
cleanouts on a straight run of 


piping is 

a. 100 feet 

b. 200 feet 

c. 150 feet 

d. None of the above—provide answer 


A cleanout must usually be full 
size, but some codes allow a pipe 
greater than 4” in size to be served 
by a 

a. Contractor 

b. 2” cleanout 

c. 4” cleanout 


d. None of the above—provide answer 


Most codes dictate that if an 
individual vent exceeds 40’ in 
length, it must increase 


a. One pipe size 
b. Two pipe sizes 
c. At the connection to the vent stack 
d. None of the above—provide answer 


Layout and Installation 


24. 


25. 


26. 


27. 


An air admittance valve must be 
located above the center of the 
fixture drain at least 


a. 2” 
b. 3” 
C 4” 


d. None of the above— 
provide answer 


A circuit and a loop vent are 
specialized vents but are 
classified as 


a. An individual vent 
b. A branch vent 

c. A wet vent 

d. A common vent 


The maximum distance a cleanout 
can be located from the exterior 
of a building at the junction of 
the building drain and building 
sewer is 


a. 3’ 
b. 8’ 
c. 10’ 


d. None of the above—provide 
answer 


A septic system that flows 
without using any mechanical 
equipment is a 

a. Gravity system 

b. Low-pressure pump system 

c. Vaulted system 

d. Residential system 
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28. Effluent flows from a conventional 30. Aseptic tank system must be 
gravity septic tank toa located a safe distance, dictated by 
a. Distribution box local regulations, from a 
b. Drain field a. Drain field 
c. Filter bed b. Septic tank 
d. Leach field c. Distribution box 
d. Water well 


29. Soil-evaluation site inspections are 
done to determine the treatment 
quality of soil and in many 
instances require a 


a. Perc test 

b. Property deed 

c. Gravel availability report 
d. Chemical treatment report 


KNOW YOUR CODES 


1. This chapter exposed numerous variations between the IPC and the 
UPC. Your local code may be based on one of those model codes 
and amended to become your state code. Using Figure 13-17 
on page 397, compare that to your local code and record the 
variations. 


2. Review your local code for the maximum trap distance for a 2” 
drain having a 2” trap. Does it coincide with the model IPC or 
UPC? 
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Drainage Waste 
and Vent Installation 


e know basic layout considerations based on e know the correct testing methods for passing a 
common fixture types and codes. plumbing inspection. 

e recognize pipe route installations based on e recognize that company preference can dictate 
structural obstacles. installation practices. 


e apply fitting information from other chapters to 
the correct installation practices. 
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fixture group a bathroom 
consisting of a tub or shower, 
toilet, and lavatory 


half bathroom a bathroom 
consisting of only a toilet and 
lavatory 


rough a term used to describe 
the rough-in dimension from the 
back wall to the center of the 
toilet drain 


test ball a testing accessory 
that is injected with air after 


GLOSSARY OF TERMS 


being inserted into a drainage 
pipe to allow the system to be 
filled with water 


test cap a testing accessory 
used to seal a pipe for testing 
a DWV system; several types are 
available 


test plug a testing accessory 
that is inserted into a pipe end 
for testing purposes; several 
types are available 


trim-out finish phase of 
construction when fixtures are 
installed; also known as trim 


waste arm a horizontal fixture 
drain that begins with the vent 
connection and terminates at the 
fixture connection 
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e have discussed basic drainage 

waste and vent (DWV) fittings 

and their sizing and code in- 
formation. The design intent of a residential 
home determines the actual layout and instal- 
lation of a drainage and vent system. DWV 
piping is larger than water piping, so drainage 
and vent piping routes are usually established 
first. Residential blueprints do not typically 
indicate a pipe route. The fixture layout and 
pipe route must adhere to code regulations 
and design intent while remaining productive. 
Limited wall and ceiling space combined with 
strict drilling and notching regulations poses 
challenges for routing drainage and vent sys- 
tems in a house. This chapter discusses those 
difficulties and provides information to help 


you face common job-site challenges. 


LAYOUT 
CONSIDERATIONS 


Chapter 10 introduced you to layout consider- 
ations for various bathroom and kitchen designs. 
A plumber must consider all aspects of a plumb- 
ing system route before beginning the layout pro- 
cess. Every job site has unique layout challenges. 
A plumber begins by identifying and laying out the 
fixture locations. Knowing where the sewer enters 
the house establishes the flow direction of the build- 
ing drain. The location of the major fixture groups 
determines where waste stacks or fixture drains are 
routed and how they will be connected to other pip- 
ing segments of the DWV system. Knowing where 
the vents are terminated through the roof and what 
fixtures will use air admittance valves (AAV) is es- 
sential for establishing the vent routes. If your local 
code allows wet venting, actual pipe routes are es- 
tablished for particular groups of fixtures. The fit- 
tings allowed by codes can also determine a pipe 
route, and the physical size of fittings can limit the 
chosen pipe route. Holes should not be drilled until 
the entire route is mapped out. This will prevent in- 
creased labor costs and eliminate unnecessary holes 


TABLE 14-1 Common DWV Layout Considerations 


Consideration 
Sewer entry location 


Number of 
bathrooms 


Bathroom fixture 
layout 


Kitchen sink layout 


Washing machine 
layout 


Wall relation to 
bathroom groups 
and other fixtures 


Ceiling joist direction 
and relation to 
bathroom groups 


Fixture types 


Venting code 
allowances 


Vent terminations 


Notes 
What side of the house 


Total fixtures and 
location of each 
bathroom in house 


Fixture relation to one 
another and types 


Location in house and 
whether there is garbage 
disposer and DW 


Location in house 


Wall types; sizes and 
location of wall studs 


In relation to bathtub 
and toilet fixture drain 
requirements 


Specific fixture rough-in 
requirements 


If AAV and wet venting 
allowed 


Penetration locations 
through roof 


in studs and joists. Table 14-1 lists some common 
DWV layout considerations that are not specific to 


any particular project. 


from experience... 


Each job site will have unique layout con- 
siderations. A plumber must approach 
every piping route with a thorough under- 
standing of codes and the ability to visu- 
alize the entire pipe route. 


In this section, we will look at a basic DWV 
layout of the above-ground rough-in for a house 
that provides some challenges. A plumber typically 
arrives on a job site when the framing is complete. 
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CHAPTER 14 


In addition, any one-piece tub and shower units 
have typically been ordered and delivered to the 
job site. A blueprint indicates the fixture locations, 
but usually not the area of the building that is con- 
nected with the building sewer. The building sewer 
and building drain are connected at the low point of 
the building drain. When the plumber locates that, 
the main piping artery of the drainage system can 
be established. A plumber determines the building 
drain route based on job-site conditions. Some job 
sites require the piping system to begin at the build- 
ing drain exit location; other conditions dictate that 
the piping must be installed so that the last connec- 
tion of the building drain is made with the build- 
ing sewer. Many plumbers install the piping on the 
floors above and stub all vertical drains into a base- 
ment or crawl space. Then they install the building 
drain. Personal preference plays a large part in the 
actual layout process. Most companies focus more 
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on the productive installation of a particular job 
site or task than on whether the building drain is in- 
stalled before the vertical piping. 


Figure 14-1 shows a blueprint of a home con- 
structed with a crawl space. We will use it as an ex- 
ample for discussing layout. If this home had an 
unfinished basement, the layout might be similar to 
the crawl space design. If a concrete slab were used, 
the pipe route would be below ground. An actual 
blueprint provides more information, such as dimen- 
sions of rooms, than the illustration in Figure 14-1, 
but this illustration is focused on the location of 
plumbing fixtures, wall locations, and joist directions. 
Each fixture and bathroom group is explained in this 
chapter, and the piping configurations and sizes are 
based on possible code allowances. The illustrations 
are only examples; they do not represent a particular 
code and are not intended for use on a job site. 
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FIGURE 14-1 Plumbing floor plan. 
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FIGURE 14-1 (continued) 


ecco sosooooocoosocooooooococooooocoo’‘oo‘l ‘l, 


from experience... 


A plumber must be most concerned about 
the location of the toilet in each bath- 
room group. Because the toilet requires 

a minimum 3” pipe, it poses the greatest 
challenge in routing the drain to its re- 
quired location. 


ote eereeeeeeeeesceeseeeeese see secee © 


SCOPE OF WORK 


The scope of work is the total knowledge of the 
entire project, including the types of materials and 
fixtures and the design. You must locate all the fix- 
tures throughout the house to understand the scope 
of work required to complete the DWV system. Then 
scan the entire bathroom or other related areas to de- 
termine a pipe route, focusing on the conflicts with 
structural designs such as beams, load-bearing walls, 
or joists. The unfinished crawl space area below the 
first floor would be a desirable pipe route due to its 
ease of installation. If the area below the first floor 
were a finished basement, the pipe route would have 
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y 1-1/2" VENT CONTINUES UP TO SECOND FLOOR 


HOLES “DRILLED” PER CODE 


1-1/4" LAVATORY DRAIN 


PLYWOOD 
FLOOR 


3" VERTICAL TOILET DRAIN; 
MOST CODES DICTATE 
THIS DROP CANNOT BE 
MORE THAN 24" (CHECK 
LOCAL CODES) 


DWV 90° 


_ 
FIGURE 14-2 Half bath possible piping installation. 


to coordinate with the design intent of that space. 
The location of underground vertical riser piping 
penetrating the concrete floor must take into account 
the pipe routes established to serve upper floors. 


GUEST BATHROOM LAYOUT 


The bathroom in Figure 14-1 with only a toilet 
and sink is known as a half bathroom (half bath) 
because it has only a toilet and a lavatory. A full 
bath has a toilet, lavatory, and bathtub or shower. 
The toilet and pedestal lavatory are located along 
an interior wall with a stairwell directly behind the 
fixture. The water heater sits below the stairwell 
landing. Access must be provided, so piping can be 
installed in that area that is not in the center of the 
wall. Note the first-floor guest bathroom fixture 
layout and the direction of the floor joists in the liv- 


ing room area. The stairwell wall continues through .*+* 


the floor above, which means that it might be possi- 
ble to route the vent pipe vertically up to the attic. If 
the vent cannot be installed in a continuous manner 
in a wall, it can be routed within the second-floor 
joists. Figure 14-2 illustrates the possible piping in- 
stallation for the guest bathroom. 


ef Fee eee ee eee eee e eee reece eee reece eee eee, 


from experience... 


The rough-in height of a pedestal lavatory 
drain must be confirmed by actually install- 
ing the sink to avoid conflict with the pedes- 
tal design. Some pedestals require that the 
drain be a specific height above the floor. 


eececeereeeeeeeeeeeees 
See erereer eee eee eee eee 


ote eeeeeeeeeree eer ee reer e eee eee ee * 
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KITCHEN SINK LAYOUT 


The kitchen sink is centered directly below a win- 
dow, and the exterior wall studs are load bearing. 
If your local code allows an AAV, it can be installed 
below the kitchen sink to minimize labor costs. 
Eliminating the need to drill holes through the wall 
studs saves labor, but, more important, the struc- 
tural integrity of the wall is protected. If codes do 
not allow an AAV, the vent pipe can be routed in 
the exterior wall studs up through the second floor 
where it is connected with the venting system above 
or terminated independently to open air through the 
roof. The vertical drain pipe penetrating the floor 
can be located in the wall, or it can penetrate the 
floor where the cabinet will be installed. Where the 
pipe penetrates through the floor is typically coordi- 
nated with where the garbage disposer is located in 
the sink. The desired drain location is on the oppo- 
site side of the disposer to allow for more creative 
piping possibilities during the trim-out phase. The 


rough-in using an AAV that has piping penetrating «°? 


CABINET OUTLINE 


FLOOR JOIST 


CONNECT TO 
BUILDING DRAIN ——>- 


* CHECK LOCAL CODES 


through the cabinet base requires only the pipe to 
stub up from the crawl space. The remaining pip- 
ing is completed when the sink is installed during 
the trim-out phase. A typical sink cabinet base is 
36” wide, but a plumber must confirm those dimen- 
sions on a blueprint. Figure 14-3 illustrates a pos- 
sible piping arrangement for the kitchen sink using 
an AAV installed below the sink. 


et FF eee ee eee ee ee eee ee eeeeee see 


from experience... 


A code book may allow 1-1/2” minimum 
pipe to serve a kitchen sink, but most 
plumbers install 2” pipe if a sink has more 
-than one bowl or a garbage disposer is 

: installed. ‘ 


eoceceeoey, 


WINDOW 


PENETRATES FLOOR 
AND COMPLETED 
DURING TRIM-OUT 


LONG RADIUS 90°* 


TYPICALLY 2" PIPE INSTALLED 


FIGURE 14-3 A kitchen sink rough-in varies based on whether an air admittance valve can be 
installed or whether the vent must be routed to open air. 
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MASTER BATHROOM 


It is not uncommon for an architect to locate the 
plumbing fixtures on the exterior wall of a house, 
which poses a challenge for the plumber. In such case, 
it is important for a plumber to know drilling and 
notching codes. For example, a 3” pipe that serves 
a toilet needs a 3-5/8” hole to be drilled through a 
joist, but some drilling and notching codes may not 
allow it where the layout requires. Fortunately, the 
joists in the example are traveling in a direction that 
allows the toilet piping to be installed between two 
joists. A plumber must approach a piping route to 
a bathroom group based on the piping requirement 
for the toilet. If wet venting is legal in your area, the 
lavatory drain and the vent for all the fixtures can be 
routed as a single pipe. If wet venting is not legal, a 
more difficult bathroom layout than the one illus- 
trated in this lesson may be required. Individual vents 
would need to be installed. Exterior walls that have 
a 3” waste stack might have to be constructed with 2” 
x 6" wall studs instead of 2” X 4” studs to accom- 
modate the 3” pipe and fittings. If a 2” X 4” wallis .+> 
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constructed, a plumber might have to find an alterna- 
tive pipe route because he or she might not be allowed 
to cut the outside band joist enough for the 3” sani- 
tary tee to be installed, as illustrated in Figure 14-4. 
An alternative would be to install the vertical piping 
in the interior wall of the stairwell, because the piping 
could still be routed in the direction of the second- 
floor joists. Figure 14-4 shows the drilling layout and 
a piping riser diagram, which is one way to handle the 
piping situation for the illustration in Figure 14-1. 


et Fe eceeeece eee eee eee eee e eee e eee eee ee eey, 


from experience... 


A cleanout must be installed at the base of 
every waste stack. It must be accessible and 
must have clearance to remove the cleanout 
plug and operate a drain cleaning machine. 
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FIGURE 14-4 A bathroom group can be piped as one system and coordinated around toilet location. 
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FIGURE 14-4 (continued). 


HALL BATHROOM 


When reviewing the hall bathroom design in 
Figure 14-1, note the indication of the kitchen wall 
below. The direction of the joists often dictates the 
pipe route. It might not be possible to drill through 
a joist to install a 3” pipe, because large-diameter 
holes pose a threat to the structural integrity of a 
joist. Figure 14-5 illustrates that a 3” pipe will not 
fit through a floor joist in some instances without 
violating codes pertaining to the hole size that can 
be drilled. Most codes dictate that a joist cannot be 
drilled in the top and bottom 2”, and many codes do 
not allow large-diameter holes in the middle one- 
third of the joist span. A plumber often has to route 
the piping systems serving a bathroom separately to 
avoid violating drilling and notching codes or to in- 
crease productivity. Figure 14-5 illustrates that the 


toilet in the hall bathroom can be served by rout- 
ing the 3” pipe in the same direction as the floor 
joists. This type of piping configuration would re- 
quire wet venting if allowed. The bathtub located in 
the hall bathroom could be piped in two different 
ways. The bathtub piping had to be routed using a 
separate waste stack shown in Figure 14-5. Most 
codes dictate that 2” pipe must slope 1/4” per foot. 
Connecting it to the same piping as the toilet would 
place the drilled holes for the lavatory through the 
floor joist in violation of the top 2” of the floor joist. 
Figure 14-5 shows that a plumber must have a com- 
plete knowledge of codes to lay out a piping route 
and remain creative in the process. Not all bath- 
rooms can be constructed as designed. A plumber 
might have to provide an architect or general con- 
tractor with possible design changes. 
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FIGURE 14-5 A bathroom group may require separate waste stacks because of structural 
conflicts. 
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FIGURE 14-5 (continued) 


from experience... 


Many bathroom designs are similar. 
Attention to codes and drawing on past 
experience initiates a productive thought 
process. 


LAUNDRY ROOM 


Figure 14-1 shows a washing machine located 
on the second floor of a house. When a piping 
system must be installed on a level of a build- 
ing other than the first floor, it must be routed 
to accommodate the design, which increases la- 
bor costs. As with all piping systems routed in a 
residential house, the direction of the floor joists 


is a primary factor in deciding where to install the 
piping. A plumber has two choices for this design. 
One is to drill through each joist; the other is to 
route the drain serving the washing machine in the 
same direction that the joists are installed. A dry 
vent must originate in the vertical position—true 
vertical to a 45° angle. Figure 14-6 illustrates the 
best approach based on saving labor and protect- 
ing the structural integrity of the joists. Your code 
may dictate the minimum and maximum ver- 
tical distances of the standpipe from a washing 
machine box to the inlet of a p-trap. Most codes 
state the minimum distance as 18” and the maxi- 
mum as 42”. The actual installation of the p-trap 
is determined by codes, company preference, and 
specific job conditions. Some codes do not allow 
a p-trap serving a washing machine to be in- 
stalled below the floor level, as shown in Figure 
14-6. Also, many codes require the piping to be 
increased to 3” even though the p-trap can remain 
2", which emphasizes the importance of knowing 
your local codes. 
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FIGURE 14-6 Installing piping in the same direction as the floor joists saves 
labor and does not weaken the structural integrity of the joist. 


: from experience... } 
-+ A washing machine drain connected to : 
: a drain serving a toilet should be as far : 


downstream of the toilet as possible. The 
: discharge of a washing machine can cause: 
: a disturbance in the piping system and can : 
- siphon the trap seal from a toilet bowl. : 


eseceoooooooooooooooooooooooooooo‘lo‘’ 


BUILDING DRAIN 


Now that the piping layout of each fixture has 
been addressed, the building drain route can be 
established. Because the house shown in Figure 
14-1 is built with a crawl space, the route of the 
building drain is not as crucial as if it were routed 
in a finished basement. A building drain is at the 
lowest horizontal portion of a DWV system and 


routes drainage discharge from all other drains to 
the building sewer. The building drain installation 
in Figure 14-7 is based on Figures 14-1 through 
14-6. This isometric view of the piping system does 
not include any variables that would be required 
on a job site, such as the offsets around structural 
supports, heating and air conditioning units, or 
other obstacles a plumber might encounter. 


from experience... 


The total number of drainage fixture 
units and toilets that are connected to 
the building drain determines its size. The 
minimum size of the building drain is dic- : 
-tated by codes, and a toilet must be at : 
least 3” in diameter. : 
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FIGURE 14-7 A building drain is the lowest horizontal DWV piping system that connects all 


other drains to the building sewer. 


VENTING SYSTEM 


The entire venting system includes every vent. 
Many vents are connected together to form a sin- 
gle vent; others remain as individual vents. The 
use of an AAV, if allowed by codes, terminates 
the vent where the AAV is installed. Other vents 
are terminated through the roof; that penetration 
is known as vent through roof (VTR). It is com- 
mon for vents serving different areas of a building 
to be connected, but the most productive merg- 
ing of vents is often in the attic. Most codes dic- 
tate that at least one vent in a system must be a 
minimum of 3” in diameter for the entire length 
of the vent. The 3” vent can be a continuation of 
a 3” or larger drain. As with any dry vent, it must 
remain connected to the drainage system in the 
vertical position. The height of the vent above the 
roof varies according to the climate conditions 
such as snowfall. A vent is routed throughout a 
house in walls and ceilings as a continuation of 
the drain it protects. Drilling and notching regu- 
lations are the same for venting as for drainage 
piping. Vent fittings are responsible for circulating 
air and draining moisture, as opposed to discharg- 
ing wastewater. Most codes dictate that all fittings 
used in a vent system must adhere to drainage reg- 
ulations. However, many codes allow variances in 
the fitting selection between these two systems; 
they allow standard-radius fitting in a vent system 
where long-radius fitting would normally be dic- 
tated if the piping were a drain. Terminating the 
vent pipe through the roof requires an oblong hole 
to be cut with a reciprocating saw from inside the 


attic. A plumber uses a level to align the pipe with 
the angled slope of the roof and then draws an oval 
line to indicate the cut area. A hole can be drilled 
and a reciprocating saw used to complete the cut, 
or a plunge cut can be made using the saw blade 
at an angle. The vent pipe is installed through 
the roof, and a plumber or roofing contractor in- 
stalls the vent flashing on the roof. A roof seal- 
ant is placed under the flashing, and galvanized 
roofing nails are driven through the flashing and 
into the roof plywood. The most common type of 
roof flashing is made with neoprene. The center 
portion where the pipe passes through is flexible 
and conforms tightly around the vent pipe. Figure 
14-8 illustrates a riser diagram of the vent system 
used in this example. 


from experience... 


Too many AAV installations within one 
piping arrangement can cause pressure to 
increase in a DWV system. A vent system 
must be able to breathe, and an AAV does 
not discharge positive pressures. 


ote eee eee eee ee eee eee eee eee eee ee ee 


See Procedure 14-1 on page 467 for the layout of a 
vent through the roof. 
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FIGURE 14-8 A venting system can be connected together throughout a house or in 
the attic, and a vent pipe can be terminated through the roof independently. 


FIXTURE ROUGH-IN 


A plumber installs a piping system in a house 
based on the rough-in requirements of each 
fixture or group of fixtures. Each fixture has 
unique requirements. A plumber must use either 
typical company rough-in heights or manufac- 
turer rough-in sheets to install drainage and vent 
piping. The size of each pipe serving a fixture is 
based either on the minimum requirements dic- 
tated by codes or on a company’s preference 
of using larger size. A 1-1/4" pipe is the small- 
est size allowable in a DWV system, but most 


contractors do not install piping smaller than 
1-1/2". In other words, pipe sizing is based on 
codes and then is adjusted according to job-site 
preferences. Many drilling and notching codes 
do not allow an adequate hole size to install 
a 1-1/2" pipe, so a 1-1/4" must be used in cer- 
tain situations, such as serving a lavatory. The 
following information focuses on specific rough- 
in requirements based on common heights and 
distances. The information may vary on a job 
site based on preference and certainly on a par- 
ticular fixture installed. 
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from experience... 


The rough-in process is one of the most 
crucial aspects of construction. Errors 
made during the rough-in phase are 
expensive to correct if they are discovered 
during the trim-out phase. 


TOILETS 


The most common kind of toilet installed in a resi- 
dential home has a two-piece design, with a separate 
tank and bowl. Some custom homes install one- 
piece toilets in the guest bathroom and the master 
bathroom. The two toilets have different water sup- 
ply requirements, but the drain connection remains 
the same for both. The two most common rough-in 
dimensions for drainage piping are 10” and 12” 
from the back wall, but 14” might also be used for 
some toilet designs. The rough-in dimension is in- 
dicated when ordering by using the term rough. If 
a plumber does not specify a rough-in dimension, 
it is assumed that the drain is 12” from the finished 
back wall. Because rough-in occurs before the fin- 
ished walls are installed, a plumber must know the 
thickness of the wall finish. Codes dictate that the 
center of the drain serving a toilet must be a mini- 
mum of 15” from a side wall or the side of another 
fixture for non-handicap installations. One side of a 
handicap installation must be exactly 18” from the 
finished sidewall that has the grab bar and a mini- 
mum of 18” from the other side wall or any parti- 
tion or fixture. Handicap codes must be reviewed 
before installing a rough-in to make sure that it ad- 
heres to code. 


Before the final rough-in of a toilet drain, the 
plumber also needs to know the floor thickness. The 
toilet is connected to a drainage system with a closet 
(toilet) flange. The flange must be installed so that 
it is resting on top of the finished floor. Many new 
homes have either a vinyl or tile floor, and the toi- 
let is installed after the flooring is complete. If vinyl 
is used, a plumber does not have to be concerned 
with additional floor thickness. If tile is installed, a 
plumber must know the exact thickness if the flange 
is installed during the rough-in phase. Many plumb- 
ers install the flange during the trim-out phase to 
ensure an exact installation. Others install it during 


rough-in but leave the flange above the plywood; 
a tile contractor then installs the finished floor un- 
der the flange. A closet flange has four designated 
holes to receive non-corrosive wood screws. It must 
be fastened securely to the wood flooring to prevent 
the toilet from moving after it is installed. The hole 
cut into the floor must be properly sized to allow 
the piping and flange installation. A hole that is cut 
too large does not allow the securing wood screws 
to be installed. Figure 14-9 illustrates the rough-in 
dimensions for a toilet, and Figure 14-10 shows a 
closet flange installation. 


et FP eeereee reer eee sree eeeereee eee reese eeey, 


from experience... 


A toilet rough-in is one of the most crucial 
installations for a plumbing system. An 
error can result in the most difficult cor- 
rective action needed during the trim-out 
phase. 


ete eeeeeeeeece eee es eee eee e see ee eee * 
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LAVATORY 


The two most common residential lavatory installa- 
tions are pedestal and countertop designs. A pedes- 
tal sink has exposed piping; the center of the drain 
rough-in is installed so that it is in the center of the 
sink. A plumber must route the horizontal drain pip- 
ing (waste arm) through the wall studs if the verti- 
cal piping is not located in the same area of the sink 
center. The piping to a countertop lavatory is not 
visible from the room, so a plumber can install the 
rough-in piping away from the center of the sink 
and complete the piping in the cabinet. A two-piece 
p-trap has a 90° portion and a J-bend portion that 
allows the J-bend to swivel away from the center 
of the stub-out piping. The size of the trap dictates 
the dimension of the trap swing. A 1-1/4" trap is the 
most common size installed for a lavatory. The av- 
erage trap swing of a 1-1/4” p-trap is 3”. A plumber 
can install the center of a drain rough-in 3” on either 
side of the center of a countertop sink. This can save 
labor when the vertical piping is routed in a different 
wall-stud cavity from the center of the sink. By not 
drilling an additional hole in a wall stud, less labor 
is used and the structural integrity of the wall is pro- 
tected. Many pedestals have a small designated area 
in which to install the drain connection that does 
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DIMENSIONS ARE BASED ON 1/2" WALL FINISH. ANY ADDITIONAL WALL THICKNESS MUST BE ADDED 
TO DIMENSIONS. HANDICAP DIMENSION FROM FINISHED SIDE WALL IS 18". 


CLOSET 
FLANGE VENT PIPE 


SIDE WALL BACK WALL 


FIGURE 14-9 A toilet rough-in has specific code and manufacturer requirements 
and must be installed based on wall-finish thickness. 


WOOD SCREWS (x4) 
VINYL FLOOR 
COVERING | 


Į FLANGE SITS ON 
~— FINISHED FLOOR 


WOOD FLOOR 


HOLE CUT IN FLOOR MUST 
BE TIGHT TO PIPE AND 
FLANGE DIAMETERS 


WOOD SCREWS (x4) 
WOOD SCREWS 
~<— REQUIRED 


TILE FLOOR 


FLANGE SITS ON 
~— FINISHED FLOOR 


CONCRETE ————=- 4 Bem 
BOARD OR 


GROUT 


HOLE CUT IN FLOOR MUST 
BE TIGHT TO PIPE AND 
FLANGE DIAMETERS 


PIPE 


FIGURE 14-10 A closet flange is secured to the wooden floor 
to eliminate movement when the toilet is installed. 
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SIDE VIEW 


TRAP TRAP 
| SWING | SWING | 
< >|< > 


SIZE OF TRAP 

DETERMINES 
90° DOWN TRAP SWING 
PORTION DISTANCE 


J-BEND PORTION 


PLAN VIEW 


P-TRAP ROTATES ——' 
TO ADJUST TO 
SINK CENTER 


FIGURE 14-11 A two-piece p-trap allows a 
plumber to swing the J-bend portion away from the 
90° portion to align the piping with the fixture center. 


not accommodate the swing p-trap. Figure 14-11 
illustrates two-piece, p-trap swing possibilities. 
Figure 14-12 compares a countertop and pedestal 
lavatory rough-in and shows that for a pedestal lav- 
atory rough-in, a plumber must be more exact. 


from experience... 


A plumber should review the manufac- : 
turer rough-in data to be sure of the rec- : 
ommended height of the drain stub-out : 
serving a pedestal sink. : 


BATHTUB 


If a two-piece p-trap is used, the center of the rough-in 
piping can vary, similar to what is shown in 
Figure 14-11. A bathtub is typically connected dur- 
ing the rough-in phase of construction. The direction 


of the horizontal piping that is connected to the ver- 
tical stack depends on job-site conditions. The loca- 
tion of the bath waste and overflow (BWO) depends 
on the tub design. The drain is usually connected to 
the p-trap within 2” of the wall. This close proxim- 
ity to the wall as well as the physical size of a p-trap 
and the connecting sanitary tee often dictate that the 
rough-in of the vertical drain must be installed away 
from the center of the tub. If a horizontal waste arm 
is routed from a location that is not near the tub, the 
maximum allowable distance from a trap to the cen- 
ter of the vent is regulated by codes. These distances 
are listed in a chart in your local code book, most 
of which dictate that the 1-1/2” drain with a 1-1/2” 
p-trap cannot travel more than 5’. Some BWO de- 
signs have a dual connection option. A plumber 
can connect a dual-option BWO to the p-trap using 
a trap adapter or a female adapter. Plastic female 
adapters should not receive metal male threads, be- 
cause the female adapter could split. Figure 14-13 
illustrates the basic connection to a bathtub and 
p-trap. Figure 14-14 shows a waste arm and p-trap 
serving a bathtub rough-in. 


from experience... 


A waste arm should not be installed with 
too much slope (fall), because air can be 
trapped in it and can cause a gurgling 
noise. 


KITCHEN SINK 


Kitchen sinks are installed in various locations, 
but the most common one is on an exterior wall 
directly below a window. Installing the drain 
and venting system poses a challenge if the ex- 
terior wall studs are 2” X 4” boards. The win- 
dow has several load-bearing studs, and some 
codes may not allow the required hole sizes to 
be drilled. In addition, the vent cannot be transi- 
tioned horizontally until it is 6” above the flood 
level rim of the countertop, which is the rim of 
the kitchen sink. It is typically 36” above the fin- 
ished floor. The wall space between the counter- 
top and the bottom of the window typically does 
not accommodate the horizontal transition of 
the vent pipe. Most drilling codes do not allow 
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DO NOT HAVE TO DRILL THROUGH STUD 


ae CENTER OF COUNTERTOP-TYPE LAVATORY 


CENTER OF ROUGH-IN 


BECAUSE A PEDESTAL ee 


LAVATORY HAS EXPOSED 
PIPING, THE ROUGH-IN 
MUST BE EXACT 


MUST DRILL THROUGH STUD 


eases CENTER OF PEDESTAL LAVATORY 


CENTER OF VERTICAL DRAIN 


FIGURE 14-12 A countertop lavatory drain must be installed within 3” of the center 
of the fixture, but a pedestal lavatory must be installed in the center of the fixture. 


more than 40 percent of a load-bearing stud 
to be drilled out. A 2” xX 4” wall is 3-1/2” wide. 
Therefore, a 1.4” (1-3/8") hole is the largest 
diameter that can be drilled, which does not ac- 
commodate the outside diameter of a 1-1/4" pipe. 
Some codes allow 60 percent of a load-bearing 
wall to be drilled if it is doubled with another 
wall stud. However, no more than two doubled 
load-bearing studs can be drilled consecutively. 
Sixty percent of 3-1/2” is 2.1” (2-1/16”), which 


allows a 1-1/2” pipe to be installed. A typical win- 
dow frame is supported by at least two wall studs, 
and some inspectors require that additional studs 
be installed before drilling the window framing 
studs. Many local plumbing and framing inspec- 
tors do not allow 2” holes to be drilled through 
2” X 4" exterior wall studs, so a plumber must 
use an AAV. The introduction and approval of an 
AAV has eliminated the need to install an individ- 
ual vent to serve a kitchen sink. If a vent must be 
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VENT BATH WASTE AND OVERFLOW 


TRAP 


zoo diii FLOOR ELEVATION 
FLOOR ELEVATION T 
~<—— TRAP ADAPTER 
SANITARY TEE ——>- 
VERTICAL DRAIN——>+ | | RTT TRAP MUST BE 
ABOVE BOTTOM 


HORIZONTAL OF JOIST 


WASTE ARM P-TRAP 


FIGURE 14-13 A bathtub is typically installed during the rough-in phase 
of construction. A plumber connects a bath waste and overflow to the 
drainage piping. 


VARIES BASED ON TYPE 
OF TUB, BUT COMMONLY 15" 
APPROXIMATELY 2" 


VERTICAL DRAIN WASTE ARM 
IS TYPICALLY ROUTED 

AWAY FROM THE CENTER 

OF THE BATHTUB TO ALLOW 45° FITTING 
FOR A WASTE ARM TO BE 

INSTALLED 


FIGURE 14-14 A waste arm is used to create an exact piping configuration to a 
bathtub. 
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from experience... 


A plumber must know the type of sink be- 
fore installing the rough-in piping. If it is 
not known, locate the drain rough-in far 
to one side of the cabinet and complete 


installed and the window framing wall studs can 
be drilled, a plumber has two options. One is to 
place the vertical drain and vent in the wall cav- 
ity adjacent to the window and to install a waste 
arm to the sink location. The other is to install 
the vertical drain below the window and offset 
a 1-1/4” vent at a 45° angle into the wall cav- 
ity adjacent to the window. The 45° installation 
of the vent means the holes must be drilled at an : Hii aah : 
angle into the wall studs, which is more labor in- ls tiie eda otel ou sso GULING ans 
tensive than drilling straight through a wall stud. trim-out phase. 

Figure 14-15 shows an AAV on a drain serving : Pee aerate Sarna tr E 
a kitchen sink. Figure 14-16 illustrates a piping .°,.-°° 

configuration installed with a waste arm. Figure 
14-17 shows a piping configuration with a vent 


installed at a 45° angle. WASHING MACHINE 


Washing machine boxes are installed during the 
rough-in phase between two wall studs. Most 
codes dictate that the minimum size drain con- 
nection of a box, whether plastic or metal, is 2”. 
Plastic types are solvent-welded. Most metal ones 
have female threads that receive a male adapter 


CAUTION 


WINDOW 


AAV 


SANITARY 
TEE 


45° 
OFFSET 


ONE 45° FITTING 
SANITARY TEE AND THE 
AAV ARE UNDER SINK 


A PLUMBER OFFSETS OUT OF WALL DURING ROUGH-IN PHASE 

AND INSTALLS THE REMAINING ASPECTS AFTER CABINET AND SINK 

ARE INSTALLED, AND DURING THE TRIM-OUT PHASE 
ee 


FIGURE 14-15 Local codes may allow an air admittance 
valve to avoid installing an individual vent for a kitchen sink. 
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CAUTION: THIS ILLUSTRATION DOES NOT REPRESENT A METHOD OF 
INSTALLING WOOD FRAMING. 
WINDOW 


YOUR CODE MAY ALLOW 
DRILLING THROUGH 
EXTERIOR STUDS 


90° STUB-OUT 


SANITARY 
FEE 


FIGURE 14-16 Ž |f the exterior load-bearing walls can be drilled based on 
your local codes, a waste arm can be used to serve a kitchen sink. 


CAUTION: THIS ILLUSTRATION DOES NOT REPRESENT A METHOD OF 
INSTALLING WOOD FRAMING. 


WINDOW 


YOUR CODE MAY ALLOW 
DRILLING THROUGH 
EXTERIOR STUDS 


45° FITTING 


SANITARY 
TEE 


FIGURE 14-17 If the exterior load-bearing walls can be drilled based 
on your local codes, a vent can be routed at a 45° angle into a wall stud 
cavity adjacent to window. 
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CHAPTER 14 


to connect to plastic DWV pipe. Most codes do 
not allow plastic boxes to be installed in a fire- 
rated wall. The p-trap is installed within the wall 
stud cavity either below the washing machine 
box or below the floor, but some codes mandate 
that the trap must be installed on the same floor 
as the washing machine. The UPC also mandates 
that the trap on the same floor must be no closer 
than 6” or further than 18” above the floor. The 
vertical pipe that is connected from the washing 
machine box to the p-trap inlet pipe is the stand- 
pipe. The IPC states that the standpipe cannot 
be shorter than 18” or longer than 42”, but UPC 
states 18” and 30”, and that distance is above the 
trap weir. The height of the washing machine box 
may also be regulated by codes, with some codes 
stating that the overflow height of the box must 
be at least 36” and not more than 42” from the 
floor. Some codes dictate that a washing machine 
installed on any floor with an occupied floor be- 
low must have a safety pan. A plumber installs the 
drain piping for a safety pan during the rough-in 
phase, and the pan is installed during the trim- 
out phase. The safety pan drain is typically 1” 
copper or plastic pipe made of water distribution 


UPC 
18" MINIMUM 
30" MAXIMUM 


IPC 
18" MINIMUM 
42" MAXIMUM 


Drainage Waste and Vent Installation 457 


materials; it does not have to comply with drain- 
age fitting regulations. The drain typically ter- 
minates on the exterior of the house and cannot 
directly be connected to the drainage or vent sys- 
tem. Check your local codes for termination loca- 
tions and heights of the washing machine safety 
pan drains above the ground. Figure 14-18 illus- 
trates a washing machine drain rough-in using 
a p-trap below the floor. Figure 14-19 shows a 
washing machine rough-in with a p-trap installed 
between the wall-stud cavities. 


: from experience... l 


Most drilling and notching regulations do 
not allow a hole to be drilled through a 
2” X 4” wall stud to install a 2” pipe; the 
piping must remain within a single wall 
cavity between two studs. 


STANDPIPE 


———> TO DRAIN AND VENT 


FIGURE 14-18 Some washing machine box installations may have the p-trap below the floor. 
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UPC 
18" MINIMUM 
30" MAXIMUM 


IPC 
18" MINIMUM 
42" MAXIMUM 


SANITARY 
TEE 


FIGURE 14-19 Some washing machine box installations may have the p-trap above 


the floor. 


SHOWER PAN 


A shower has a p-trap similar to a washing ma- 
chine. Some codes allow a 1-1/2” trap to connect a 
shower; others dictate a 2” minimum trap size. The 
drain assembly for a one-piece shower unit or a pre- 
molded shower base is typically provided with the 
unit. The piping exiting the shower floor is con- 
nected with the p-trap located below the floor. Most 
codes require a tiled shower located on a wood 
floor or above a finished area to have a safety pan 
installed, so a plumber must install a three-piece 
shower drain. The most common type of safety pan 
is a PVC liner, which is installed by a plumber dur- 
ing the rough-in phase. The actual installation tech- 
niques may vary by preference, and the location of 
the securing nails to the wall studs may vary based 
on local codes. Some tiled showers have a seat, and 
a plumber must protect that wood structure from 
water damage with the same PVC liner material. 
Galvanized roofing nails are frequently used to se- 
cure the pan to the wood stud and seat. A thresh- 
old is constructed in the entryway of a shower, and 
a plumber terminates the safety pan on or over the 
threshold. Figure 14-20 illustrates a shower safety 
pan liner. 


See Procedure 14-2 on pages 468-470 for step-by- 
step instructions for installing a safety pan liner. 


HANGERS AND 
SUPPORTS 


Like water distribution piping, drainage and vent 
systems must be supported. Codes determine the 
spacing between hangers based on horizontal or 
vertical installation positions. Additional support 
is installed where necessary to ensure that a pipe 
does not sag. Band iron is the most popular means 
of supporting residential DWV piping, because 
plastic piping is very lightweighted and band iron 
increases productivity. Galvanized nails or drywall 
screws are often used to fasten the band iron to 
the wood structure. Band iron is available in rolls 
from 10’ to 100’ in length. Some plumbers use 1/4” 
bolts and nuts to provide a higher-quality installa- 
tion, but that method increases material and labor 
costs. The bolts are typically 1” long and are galva- 
nized or have another type of corrosion-resistant 
coating. Other types of hangers were discussed in 
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CODES VARY, BUT PAN IS USUALLY 
INSTALLED AT LEAST 6" ABOVE 


THRESHOLD HEIGHT 


NAILS MUST 
BE AT LEAST 
1" ABOVE 

THRESHOLD 


FOLDED 
CORNERS 


FIGURE 14-20 A plumber installs a safety pan for a tiled 


shower located on a wood floor. 


Chapter 12. The attachment methods for various 
hanger installations are the same for DWV pip- 
ing as for water distribution piping. When piping 
is hung in an attic, additional wood must often be 
added to the ceiling joist. Small pieces of wood in 
varying thicknesses can be added to the top of the 
joists to allow the pipe to slope. Another method 
is to cut longer boards and secure them to the 
sides of the ceiling joists to control the slope and 
then use band iron to secure the pipe to the wood. 
A more labor-intensive method of supporting hori- 
zontal pipe from a ceiling or floor joist is to drill 
the appropriate-size hole through a board and 
then secure the board to the joists. Table 14-2 lists 
common hanger spacing requirements and com- 
pares IPC and UPC differences. Figure 14-21 illus- 
trates two common horizontal hanging methods 
using band iron. Figure 14-22 illustrates two com- 
mon methods for supporting vertical piping with 
band iron. 


See Procedure 14-3 on page 471 for step-by-step 
instructions for using wood as a hanger and sup- 
port accessory. 


: from experience... } 
-Hanger spacing distances are based on : 
: straight runs of piping, and a hanger is i 


: typically required after a piping offset 
even if the distance is less than that indi- 
cated in a code book. 


PIPE PROTECTION 


Like water distribution piping, DWV piping must 
be protected against nails and screws used to 
install wall board and wood trim during the fi- 
nal phases of construction. A metal stud guard 
(nail plate) that protects the piping is available 
in several sizes; most have a nail-in feature to 
drive into the wood boards with a hammer. A 3” 
pipe that penetrates the top plate of a 2” x 4” 
wall requires the top plate to be cut completely 
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NAILS OR 
SCREWS 


COMPLETELY AROUND BipE AN J ADJUST HEIGHT AS REQUIRED 
N BEFORE SECURING TO WOOD 


NAIL OR SCREW 
INTO WOOD 


INSERT BOLT HEX NUT SECURES 
THROUGH BOLT TO BAND IRON 
BAND IRON 
ADJUST HEIGHT AS 
REQUIRED 
WRAP BAND 
IRON AROUND 
(A) PIPE 


WOOD STUD 


ALIGN BOTH ENDS OF BAND IRON AND 
SECURE WITH A SINGLE NAIL OR SCREW 


HOLE THROUGH STUD 


PIPE PASSING THROUGH STUD 


A SMALL PIECE OF BAND IRON IS 
FORMED TO CREATE A CLIP (STRAP) 


NAIL OR SCREW 
WALL STUD 


WOOD ADDED 
BY PLUMBER 


(B) STUB-OUT PIPE 
R) 
FIGURE 14-21 Horizontal plastic DWV pipe is usually supported with 
band iron to increase productivity. Several common methods are used. 
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TABLE 14-2 Maximum Hanger Spacing for Residential DWV Piping 
CAUTION: These values are only examples and not intended to reflect your local codes. 


Vertical Installation 
UPC 


Each floor’ 


Pipe Type 


PVC and ABS DWV Pipe 


No-Hub Cast Iron Sy 
Galvanized Steel =$ 


1 Mid-story support required 
2 Provide for expansion every 30 feet 


Horizontal Installation 
IPC 

10/7 

15’ maximum 

15 


32” and smaller pipe must have additional support half the distance indicated when installed vertically through a floor (mid-story 


support) 


4 Every other joint unless over 4’, then support every joint. Also has numerous other requirements that must be reviewed in code book. 
>If 10’ length of cast iron pipe is installed, this distance can be increased to 10’ 


6 Every other floor and a maximum of 25’ 
7 For 1-1/4” and larger pipe sizes 


WRAP BAND IRON 
AROUND VERTICAL 
PIPE 


NAIL OR 
SCREW 


"4 — 
90 0 000000000000 
DOO O00 000000001 


BEND 
BAND 
IRON 


WOOD 


STUD VERTICAL PIPE 


BAND IRON FORMED TO 
CREATE A CLIP (STRAP) 
AND SECURED TO STUD 
WITH NAILS OR SCREWS 


FIGURE 14-22 Vertical plastic DWV pipe is usu- 
ally supported with band iron to increase productivity. 
Several common methods are used. 


in half. Removing this top plate can weaken the 
wall, and an angled iron plate may be required 
by codes. The plate must be fastened to the wall 
studs on both sides of the cut area and to the 
floor or ceiling joists. 


Most codes dictate the burial depth of drain- 
age piping. In colder climates, drainage piping 
must be buried deeper than in warmer climates. 
A drainage pipe can freeze if it is not adequately 
protected from cold temperatures. A vent 
through a roof can become closed with frost, so 
most cold regions have a frost enclosure code 
that dictates the size that vent pipe can pene- 
trate a roof. Because special protective measures 
may be required based on certain local condi- 
tions, a plumber must know local codes. Earth- 
quake regions are regulated with seismic codes 
and may require unique pipe protection codes. 
Figure 14-23 illustrates some common pipe pro- 
tection concerns that may be included in your 
local code. 


from experience... 


A plumber must recognize that wall insu- 
lation must be installed in an exterior wall 
and attempt to locate DWV piping close 
to the inside portion of a wall stud. 


ote eeeeeeeeece eer es ee ee see eee see ee * 
. 
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BURIAL DEPTH 


ROOF PENETRATION 


CODES DICTATE A HEIGHT THAT 

VARIES FROM EACH REGION OF THE 
COUNTRY ON THE HEIGHT A VENT CAN — 
TERMINATE ABOVE A ROOF. ——>| 


A ROOF FLASHING IS INSTALLED 
AROUND A VENT PIPE 


SOME CODES DICTATE THAT A ————> 


VENT PIPE INCREASE TO PREVENT ROOF 
FROST ENCLOSURE 
CEILING 

(A) 

NAIL PLATE IS ALSO REQUIRED ON TOP PLATE 

VENT 
NAIL PLATE 
WASTE ARM 
NAIL PLATE 
VERTICAL DRAIN 
FLOOR —> 


ANGLED PLATE MUST FLOOR JOIST 


ANCHOR TO JOIST 


ANGLED PLATE MUST 
SPAN TO EACH JOIST 


WALL STUD 


TOP PLATE CUT IN HALF TO 
(B) ALLOW 3" PIPE TO PENETRATE 


FIGURE 14-23 Protection of DWV piping is crucial so that sewage 
spills and sewage gas does not exit the system, and so the system func- 
tions properly. 


Copyright 2011 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


CHAPTER 14 


CONNECTION TO 
DISSIMILAR PIPE 


A connection between dissimilar pipes is not 
as common on a new construction site as on a 
site that has been repaired. Connecting the plas- 
tic DWV pipe inside the house to a municipal 
sewer may require a transition between two dif- 
ferent materials. Many custom homes use a cast 
iron pipe installed vertically in a wall to pro- 
vide a more silent water flow through the pipe. 
The transition between cast iron and plastic can 
be achieved in two ways. A transition coupling 
is a rubber sleeve with stainless steel tighten- 
ing clamps that creates a watertight connection. 
Using a transition coupling may not be legal in 
a house; many codes allow their use only below 
ground. A cast iron pipe installed in the vertical 
position places all the weight of the pipe down- 
ward onto the connecting pipe. All codes approve 
of a specialty fitting designed to connect plastic 
DWYV pipe to no-hub cast iron pipe. The adapter is 
solvent-welded (glued) onto the plastic pipe, and 
a no-hub clamp (coupling) connects the adapter 
to the cast iron pipe. Threaded male and female 
adapters used to connect various dissimilar pipes 
are approved by all codes. Copper DWV pipe is 
not often used for residential drainage and vent 
installations, but, when it is, it can be connected 
to other materials with a brass DWV male or fe- 
male adapter. A unique clamp (coupling), simi- 
lar to a no-hub clamp, is available and approved 
by most codes to connect DWV copper to cast 
iron. A no-hub clamp and transition couplings 
are offered in various sizes, including reducing 


from experience... 


Connection between Schedule 40 plastic 
pipe and SDR plastic pipe typically 
requires a solvent-welded transition 
bushing or reducer. 
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sizes to connect two different-sized pipes together. 
Figure 14-24 illustrates common dissimilar DWV 
connections between plastic and cast iron piping 
in a residential plumbing system. 


TESTING DWV 
SYSTEMS 


DWV pipe and fitting must be tested using a test 
method determined by codes. The most com- 
mon is a water test in which a plumber fills the 
piping system with water and then visually in- 
spects it. Most codes dictate that a 10’ head of 
water must be used to apply about 5 pounds per 
square inch (psi) of pressure above the highest 
connection. Some codes allow a plumber to in- 
stall a 3’ head of water above the highest drain- 
age connection and do not require that the vent 
system be tested. Still other codes state that the 
entire drainage and vent system must be filled 
with water up to the highest vent through the 
roof. Extremely cold regions must fill the sys- 
tem the same day as the inspection so that the 
DWV system does not freeze. Some codes allow 
an air test to be applied with 5 psi when water 
is not available, but most plastic piping manu- 
facturers caution against using air for testing 
their products. Caps, test balls, and test plugs 
are used to seal pipe ends and portions of pip- 
ing systems to allow the pipe to retain the wa- 
ter or air. Solvent-welded test caps are used to 
seal plastic piping ends. With a test tee, a blow- 
up rubber test ball is inserted into the pipe and 
air is injected into the ball to expand inside the 
pipe. Test balls are available in the same sizes 
as DWV pipes and can also be used to seal a 
pipe end. Test balls are available in two dif- 
ferent lengths, and most cannot be subjected 
to more than 40 psi or whatever the manufac- 
turer states. Rubber test caps with a stainless 
steel clamp and worm drive screw, similar to a 
transition coupling, can also be used to seal a 
pipe end. Figure 14-25 shows several test ball 
and cap uses. Many other kinds are available; 
contractors choose them based on preference. 
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ABOVE-GROUND CAST IRON-TO-PLASTIC DWV TRANSITION 


NO-HUB CAST IRON PIPE _ 
— 


K) 
STAINLESS STEEL BAND 5/16" WORM DRIVE TIGHTENING 
PORTION OF NO-HUB CLAMP SCREWS 
RUBBER SLEEVE ——————> 
PORTION OF NO-HUB CLAMP ===] HAS A MIDDLE RUBBER SEPARATOR 
TO PROVIDE SEAL BETWEEN TWO 
PIPE ENDS 


RIDGES TO PROVIDE ————>1 
GRIP WHEN CLAMP IS 
TIGHTENED 


<—— SOCKET IS SOLVENT 


PLASTIC X NO-HUB, CAST- —> WELDED ONTO PIPE 


IRON ADAPTER 


PLASTIC DWV PIPE 


(A) 


UNDERGROUND CAST IRON-TO-PLASTIC DWV TRANSITION 
RUBBER TRANSITION COUPLING 


(B) 


FIGURE 14-24 Dissimilar pipe connections are performed using 
approved connectors. 
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PIPE IS FILLED WITH WATER 


PIPE BEING TESTED 
TEST BALL IS INSERTED UP 
INTO PIPING AND INJECTED WITH AIR 


o CHAIN AND RING 
TEST TEE <— RIBBED RUBBER TEST BALL AVAILABLE 
IN SHORT AND LONG TYPES 


AIR INLET 


— CHAIN TO PREVENT ACCIDENTAL 
LOSS INTO DRAIN 


PIPE NOT BEING TESTED RING TO PREVENT CHAIN AND 


BALL FROM ENTERING PIPE 


3/8" BOLT 


METAL WING NUT | 


TURN WING NUT CLOCKWISE TO TIGHTEN AND 
EXPAND RUBBER SEAL INSIDE PIPE END 
METAL TOP PLATE —> 


EXPANDABLE RUBBER SEAL 


METAL BOTTOM PLATE ——> 
BOLT HEAD 


PLUG IS INSERTED INTO PIPE ——> 


(A) 


RUBBER TEST CAP 
SOLVENT WELD DUEL TEST CAP p on 


1-1/2" PIPE SIZE 


SOLID MIDDLE To STAINLESS sce. —> o | 


SEPARATE TWO Sizes WORM DRIVE SCREW 


AND BAND 
2" PIPE SIZE 
GLUED OVER 
EITHER 1-1/2" OR CAP SLIDES OVER 
2" PIPE PIPE END 


(B) 


FIGURE 14-25 Various methods and products are used to seal pipe ends and 
portions of a DWV system to complete a test. 
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Figure 14-26 illustrates the 10’ head test that is S UMMARY 
used to inspect a system for leaks and prepare it 
for a plumbing inspection. 
e Installation of a DWV system is based on codes, 


E EE EEE ELE L AAEE E AAE E a fixture types, fixture locations, floor joist direc- 


° tion, and wall-stud layout. 
from experience... 


A plumber must test all elements of a 
DWV rough-in. If alterations occur after 
a plumbing inspection, that portion of 
the system must be tested and possibly 
inspected again. 


e A plumber must view the entire pipe route 
before committing to drilling holes. 

e The scope of work is the specific installation 
requirements of a job. 

e Many codes allow an air admittance valve (AAV) 


to eliminate some of the vents that terminate to 
open air. 


a e The height of a vent pipe that terminates above 
a roof varies based on local codes. 

GARDEN HOSE IS ROUTED e The distance a trap can be installed from its 

TORIEE AEN vent is known as trap distance. 


e A trap distance is measured based on its devel- 
oped length. 

e The slope of a waste arm (horizontal fixture 
drain) is based on hydraulic gradient. 


ie aetna dae e A dry vent must remain vertical until it rises at 
10' . . 
HIGHEST CONNECTION least 6” above the flood-level rim of the highest 
fixture that vent serves. 


ALL JOINTS ARE e Vertical is considered true vertical to 45° from 


VISUALLY INSPECTED true vertical. 
FOR LEAKS 


e A shower safety pan is required when a tiled 


ALL PIPE OPENINGS ‘ia! 
shower base is installed on a wood floor. 


ARE SEALED 
e Nail guards (plates) are required when a pipe is 
installed close to the edge of a wall stud. 


e A DWV system is usually tested with water, but 
some codes allow air to be used. 


FIGURE 14-26 Most codes require a 10’ head of 
water to test a DWV piping system. 
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PROCEDURE 14-1] 


Vent through Roof Layout Procedure 


Use a level to vertically Q 

align the pipe route with 

the roof. This can be 

performed with a 2” x 4” 

board and a torpedo level 

if the distance is too great 

to use an actual level. 

Continue until you have 

created an oblong mark 

on the plywood. ALIGN PIPING ——> 
WITH ROOF 


BY USING 
A LEVEL 


~<— MARK PLYWOOD 


L MOVE TO ALL FOUR SIDES 
OF PIPE IN 90° 
INCREMENTS 


The result of the layout VIEW FROM UNDERSIDE OF ROOF 

process is an outline of © 

where to cut the plywood 

so the vent can be 

extended through a roof. OUTSIDE DIAMETER OF PIPE —> <— VARIES BASED ON 
SLOPE OF ROOF 


HOLE LAYOUT 
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Sweep the floor clean, 
and remove all sharp 
edges of wood and nails 
from the work area. With 
the bottom portion of the 
floor drain installed flush 
with the plywood floor, 
remove the clamping 
collar and strainer portion 
of the drain assembly, 
but leave the four bolts 
threaded into the lower 
portion. Apply a bead of 
plumber’s putty around 
the drain assembly, and 
flatten it to form a seal. 
This putty will act as a seal 
both when testing the 
drainage system and for 
the four clamping collar 
bolts. 


Spread the pan liner onto 
the wood floor and situate 
it to make sure that it 
covers the entire shower 
area and about 6” of the 
wall above the threshold 
height. Some codes 
dictate that the liner must 
extend up the wall at least 
2” above the threshold 
height. Any excess can 

be trimmed with a utility 
knife. Begin working in 
one of the rear corners of 
the shower, folding the 
liner in a triangular shape. 
Fold the triangular-shaped 
piece of liner to one side 
of the wall to form a 90° 
corner. 
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c] The location of the nails 
above the threshold may 

vary based on your local 
code. Using a hammer, 
drive a galvanized roofing 
nail through the folded 
liner to secure it in place, 
making sure that the 
nails are at least 1” above 
the threshold. Working 
from that corner of the 
shower to the opposite 
rear corner, install the 
liner evenly. Nail the liner 
to the wall studs and fold 
the liner in that corner as 
previously described. Once 
both corners are secured, 
work your way toward the 
front of the shower on 
both sides until you have 
completed the installation 
up to the threshold. Take 
care not to tear the liner. 


D) Cut the liner to form 
around the threshold. 

Some plumbers fold 
the liner completely 
around the threshold 
and stop at the floor 
outside the shower. Most 
tile contractors place 
a concrete-type board 
over the liner and drive 
nails into the top of the 
threshold. A plumber can 
also install nails there, if 
local codes allow, without 
jeopardizing the integrity 
of the safety pan. 
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SECTION 3 


Cut small slots where the 
bolts are installed in the 
shower drain body under 
the liner, and carefully 
Slide the liner over the 
bolt heads. Install the 
clamping rings over the 
bolts and tighten them in 
place. This will compress 
the putty and form a seal, 
so the drainage system 
can be filled with water 
to test for leaks. Fill the 
shower pan with water up 
to the threshold height to 
test for leaks. A plumbing 
inspector will visually 
inspect the water level 

to ensure that the wood 
floor below the liner is 
dry. Most plumbers leave 
the water in the pan and 
let the tile contractor cut 
the liner directly above 
the drain opening before 
performing their work. 
Leaving water in the liner 
keeps other contractors 
from walking on the liner 
and possibly damaging 
the safety pan. Keeping 
water in the pan until the 
tile contractor arrives also 
proves that the installation 
was correct and not 
damaged. 


Layout and Installation 


SIDE VIEW 


STRAINER SCREWS 
INTO HERE 2 OF 4 BOLTS 
SHOWN 


CLAMPING RING 


CUT SMALL SLOTS IN LINER AND PUSH 
BOLTS THROUGH LINER 
PAN 
LINER 


FLOORING 
DRAIN BODY DRAIN 


SAFETY PAN LINER 


| CONNECTION 
IN SHOWER S 
CLAMPING RING PORTION 
OF DRAIN ASSEMBLY 
TIGHTENS ONTO DRAIN 
BODY SEALING 


3 
- CŒ 


THE PUTTY. 


FILL SHOWER AREA WITH WATER TO TEST FOR LEAKS. 
THE PUTTY ALLOWS THE PIPING SYSTEM TO BE FILLED WITH WATER 
AND WILL NOT LEAK FROM THE UNDERSIDE OF SAFETY PAN LINER 
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There are four common CUT DRILLED BOARD HALFWAY 
f INTO HOLE TO CREATE A CRADLE 
methods for supporting 
HA USE BAND IRON DRILL HOLE THROUGH 
sloped piping from the top TO SECURE PIPE WOOD BOARD 
of a joist. Productivity and 
specific job conditions are 2" X 4" WOOD 
considered when selecting 
any of the methods. Band 
iron can be used to secure 
the piping to the wood 
support, but if a hole is ADJUST WOOD AS REQUIRED 
drilled through the wood 
support, band iron is 
generally not used. Screws 
or nails are used to fasten 
the support to the side of 
the joist with the actual 
positioning of the support 
based on the desired slope 
of the pipe being installed. 


The same four methods 
are used to install sloped 
piping on the under side 
of a joist. The installation 
procedure is the same, 
and the location where 
the support is fastened 

to the side of the joist is 
dictated by where the pipe 
is installed. The number of 
supports required is based 
on codes, job conditions, 
and preference. Job 
conditions often require 
more supports than what 
is required to satisfy 
codes. 


ADJUST WOOD AS REQUIRED 
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REVIEW QUESTIONS 


SECTION 3 Layout and Installation 


1. The drainage fixture rough-in 
typically begins before the 


a. Wall studs are installed 

b. Water piping rough-in 

c. Permit is obtained 

d. Plywood floors are installed 


2. A DWV rough-in layout procedure 
includes the total vision of the 
system installation and begins with 


a. Specific fixture requirements 
b. Obtaining a permit 

c. Present climate conditions 

d. The fixture installation phase 


3. Cast iron pipe is used for vertical 
installations in many homes to 


a. Satisfy code 


b. Create a structurally sound piping 
system 


c. Provide a more silent water flow 


d. Allow for a smaller wall-size 
construction 
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The highest typical rough-in height 
of a lavatory sink drain is 


a. 12” to 13” c. 18” to 19” 
b. 14” to 15” d. 24” to 25” 


If a toilet is ordered without 
specifying a rough-in dimension, 
you will receive a 

a. 10” rough toilet 

b. 12” rough toilet 

c. 14” rough toilet 

d. 16” rough toilet 


The closest a toilet can be installed 
to a finished side wall is 


a. 10” c. 14” 
b. 12” d; 15” 


. The minimum-size drain that can be 


routed to a toilet is 
a. 2-1/2" c. 2” 
b. 3” d. 1-1/2" 


A tiled shower installed on a wood 
floor requires a 


a. Shower pan 

b. Overflow drain 

c. One-piece shower drain 

d. Seat installed in the shower 


Most codes require a DWV test to 
have a(n) 


a. 5’ head of water 
b. 8’ head of water 
c. 10’ head of water 
d. 15’ head of water 


The most common hanger material 
used for supporting a DWV system 
to increase productivity is 


a. Band iron (strapping) 

b. Clevis hangers 

c. Split-ring hangers 

d. Adjustable swivel-ring hangers 


11. 


12. 


13. 


14. 


15. 


16. 


CHAPTER 14 


Most states dictate that a washing 
machine standpipe cannot be less 
than 18” or more than 


a. 30” c. 42” 

b. 36” d. None of the above is correct 
Sixty percent of 3-1/2” is 

a.2.1”" c 1.7" 

b.2.6" d. 5.8" 


The smallest size pipe that can be 
used for a drain or vent rough-in is 
a. 1” c. 1-1/2” 

b. 1-1/4" d. 2” 

Most codes that allow air to be 


used for testing a DWV system 
dictate a minimum of 


a. 3 psi c. 10 psi 

b.5 psi d. 15 psi 

Forty percent of a 2” x 4” wall stud is 
a. 1.4" c. 2.0" 

b.2.1” d. 1.6” 


Most codes dictate that at least one 
vent must be full size throughout 
its length and a minimum of 

a. 2” c. 4" 

b. 3” d. 1-1/2" 
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17. 


18. 


19. 


20. 
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To increase productivity, a plumber 
should attempt to install a drain pipe 


a. In the same direction as a joist 

b. Using cast iron pipe 

c. Using clevis hangers instead of band 
iron 

d. Perpendicular to the joist direction 


Some codes dictate that a washing 
machine located above an occupied 
floor below must have a 


a. Safety pan and drain 

b. Safety pan only 

c. Automatic water disconnect 
d. 1-1/2” standpipe 


A closet flange must be 
a. made of plastic 

b. secured to the floor 

c. made of metal 

d. 2” minimum size 


The underside of a closet flange 
should be installed 


a. on top of the finished floor 

b. completely below the finished floor 
c. 1/2” below the finished floor 

d. 1/2” above the finished floor 


KNOW YOUR CODES 


Washing machines create suds and discharge a lot of water into a drainage 
system in a short period of time. Many codes are requiring 3” minimum pipe 
size when the waste arm (trap arm) is connected to another portion of the 
drain system. Research your local code for this topic, and share with the class. 


Research the drilling and notching codes in your area. Look specifically for your codes 
pertaining to drilling through a floor joist, a load-bearing wall stud, and a non-load- 
bearing wall stud. Write down your findings, and provide them to your instructor. 
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WHAT'S WRONG WITH THIS PICTURE? 


Review the fitting in Figure 14-27, and assess what is wrong with this picture. Consider all possibilities. 


ni MN 


FIGURE 14-27 This is a sanitary tee fitting having its branch connection in the vertical position. This is 
known as “on its back” an d is illegal. Codes dictate the positions and types of fittings used throughout the 
drainage system. If the branch connection in the vertical position received discharge from a fixture, the 
flow would be disrupted due to the short radius of the fitting. This could cause a backup and potentially 

a “plugged” drain. The only position this fitting is allowed in a drainage system is when the branch is 
horizontal and draining into a vertical pipe. 


WV RIGHT 


FIGURE 14-28 This is a combination wye and 1/8th bend fitting known as a combo. It is the correct 
fitting used to connect a vertical drain to a horizontal drain. The branch connection has a longer radius 
than a sanitary tee, allowing the flow to merge with the horizontal portion without restriction. 
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OBJECTIVES Upon completion of this chapter, the student should be able to: 


know basic fixture and equipment understand the sequence of installing materials 
installations. to complete a task in a productive manner. 


know the tools and material required before recognize that company preference can dictate 
beginning an installation. installation practices. 
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closet bolts non-corrosive bolts 
inserted into a closet flange to 
anchor the toilet to the drainage 
system 


closet flange also called a 
toilet flange; installed to connect 
a toilet to the drainage system 


compression a type of 
connection used for water 
distribution tubing 


continuous waste a drain 
assembly used to connect a 
double-bowl kitchen sink to a 
single p-trap 
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GLOSSARY OF TERMS 


escutcheon a floor or wall 
plate installed around a stub-out 
pipe to conceal the penetration 


slip joint a type of drainage 
connection between the rough-in 
stub-out and the tubular p-trap 


trap adapter a slip-joint style 
fitting installed to connect a 
tubular p-trap to the drainage 
system; also called desanco 


tubular a pipe that is smaller 
in diameter and has a thinner 
wall thickness than that used for 
drainage piping 


wax seal a seal that ensures 
water does not leak and sewer 
gases do not escape when 
connecting the toilet to the 
drainage system 


CHAPTER 15 


ost plumbing fixtures and equip- 

ment are installed during the trim- 

out phase of construction. The 
installation sequence depends on the project 
and the preference of the contractor. Most bath- 
tubs are installed during the rough-in phase, 
but some large-capacity tubs are installed into 
a platform during the trim-out phase. A water 
heater is typically installed during the trim-out 
phase or after the water distribution testing. 
The final drain and water connections to fixtures 
and equipment are not subjected to the same 
testing requirements as the rough-in piping. 
A performance test is used to test for leaks. The 
operating water pressure of a water distribution 
system is applied to each fixture. The fixtures are 
then filled with water, which is allowed to flow 
through the drainage system while it is visually 
inspected for leaks. The methods for connect- 
ing water and drain piping to a fixture depend 
on the specific fixture, but many fixtures have 
similarities. All residential toilets have a wax seal 
where the fixture is connected to the drainage 
system, and they have only a cold water con- 
nection. All sinks have a hot and cold water 
connection and a p-trap connecting the drain 
outlet of the fixture to the drainage system. The 
water supply and drains for most bathtubs and 
showers are installed during the rough-in phase 
and need to have only the trim items installed. 
All sinks and toilets have an isolation valve called 
a stop. A wall or floor escutcheon is installed 
before the stop to conceal the hole opening of 
the pipe through the wall or floor. An icemaker 
and washing machine box require only the trim 
plate to be installed. A plumber installs a dish- 


washer while installing the kitchen sink. 
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ESCUTCHEONS 
AND STOPS 


Every ceiling, wall, or floor stub-out must have 
an escutcheon installed to conceal the pipe pene- 
tration. The pipe penetration through a fire-rated 
ceiling, wall, or floor creates a small opening that 
must be sealed with an approved fire caulk be- 
fore the escutcheon is installed. Some codes also 
dictate that a pipe penetrating a non-fire-rated 
ceiling, floor, or wall must also be sealed to pre- 
vent insects from entering a home through the 
pipe penetration. Escutcheons are available in 
plastic or metal forms, and exposed escutcheons 
are color-coordinated with the faucet or other 
trim items. A split escutcheon can be installed 
around a pipe after the stop is installed, but it is 
not visually attractive. Escutcheons are ordered 
for the pipe being served in either tubular or iron 
pipe size. 


Every fixture except a bathtub and a shower 
faucet must have an isolation valve or a stop. 
The boiler drains that are installed in the wash- 
ing machine box during the rough-in phase serve 
to isolate a washing machine; the wall-trim plate 
conceals the wall opening. An icemaker box is 
similar to a washing machine box, and the iso- 
lation valve is also part of the rough-in installa- 
tion. Sink stops are installed below the fixture 
and connected to the stub-out pipe. They do not 
have to be color-coordinated with the faucet fin- 
ish if they are located in a cabinet. A toilet stop 
is installed onto the stub-out pipe and is coordi- 
nated with the trim finish of the faucets in the 
bathroom. A separate stop might isolate a dish- 
washer under the kitchen sink, or a dual stop 
might isolate the dishwasher and hot water sup- 
ply to the kitchen sink faucet. The type of pipe 
used as a stub-out determines the connection of 
a stop to the stub-out pipe. A PEX stub-out pipe 
requires a stop compatible with that pipe. The 
connection method is the same as the one used 
to install the PEX piping during the rough-in. 
A copper stub-out pipe is connected to a stop 
with either a compression connection or a solder 
joint. A stub-out pipe that penetrates through 
the floor typically requires a straight stop; a 
wall stub-out pipe usually uses an angle stop. 
The outlet side of a stop is a compression con- 
nection regardless of the stub-out pipe installed. 
Table 15-1 lists some common tools and items 
required to connect a stop to a stub-out pipe. 
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TABLE 15-1 Common Tools and Items Required illustrates an angle stop and a straight stop in- 
for Installing a Compression Stop stalled on a copper pipe with a compression con- 
nection. Figure 15-3 illustrates a dual-type stop 


that can connect a single stub-out pipe to two 
1 Tubing cutter based on the type different fixtures. 

of stub-out pipe (copper or 

flexible tubing) 


Quantity Tool or Item 


Adjustable wrenches or 
compatible sized open-end 
wrenches 


Bucket or container to capture 
water exiting cut pipe 


Rag to clean spilled water 
or debris 


Some plumbers use specialty tools to perform 
this task. Figure 15-1 shows a copper stub-out 
pipe with an escutcheon installed. Figure 15-2 


FRONT VIEW 


DIAMETER BASED ON 
PIPE SIZE OF ESCUTCHEON 


VARIES ON PIPE SIZE 


FINISH IS COORDINATED WITH 
OTHER TRIM ITEMS AND PLASTIC 
TYPES ARE AVAILABLE IN WHITE 


SIDE VIEW 


TABS TO PROVIDE 
SNUG FIT AROUND 
PIPE 


STOP IS INSTALLED 
OVER STUB-OUT PIPE 


STUB-OUT PIPE 


ESCUTCHEON ON FIXTURE 
SIDE OF WALL OR FLOOR 


WALL OR FLOOR FINISH 


FIGURE 15-1 An escutcheon is installed to conceal a pipe penetration 
of the water supply to certain fixtures. 
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ANGLE STOP 


SIDE VIEW 


VARIES BASED ON FIXTURE COMPRESSION CONNECTION 
AND JOB CONDITIONS TO FIXTURE SUPPLY TUBE 


> 
| Ei STEM ASSEMBLY 


~<— HANDLE 


MALE THREADS 
ESCUTCHEON 


WALL FINISH 


f 


COMPRESSION 
CONNECTION PACKING NUT 


STRAIGHT STOP 


SIDE VIEW 


PACKING NUT HANDLE 


COMPRESSION 
CONNECTION 
TO FIXTURE 


FLAT SIDES TO 
RECEIVE WRENCH 


STEM 


VARIES BASED ON FIXTURE 
N SERVED AND PREFERENCE 


MALE THREADS —> 


ESCUTCHEO 
COMPRESSION 


CONNECTION 


FIGURE 15-2 An angle stop and a straight stop are installed based on 
stub-out location. 


PERESA PEPEES ELESE EEEE 
from experience... 


Turning a metal escutcheon in the oppo- 
site direction and installing it temporarily 


FRONT VIEW FACING WALL OR FLOOR 


HANDLE AND CONNECTION TO STUB-OUT PIPE NOT ILLUSTRATED 


COMPRESSION over a pipe will bend the tabs inward and 
aS ao allow an easier fit around the stub-out 
PACKING NUT pipe. Remove the temporary installation 
— and install in the correct direction. 


FIGURE 15-3 A dual stop is used to connect two see 
adjacent fixtures to a single stub-out pipe. 
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from experience... 


When installing a stop that is soldered 
onto copper, the handle and stem assem- 
bly is typically removed so that the rub- 
ber washer is not damaged. The items are 
reinstalled after the stop has cooled. 


See Procedure 15-1 on pages 495-497 for step-by- 
step instructions for installing a escutcheon and 
compression stop. 


TOILETS 


The water supply is located on the left side 
of all toilets, with the stop and escutcheon in- 
stalled the same as for other fixtures. The stop 
and escutcheon can be installed before the toi- 
let, or, to provide a more exact installation, the 
toilet can be installed first. Because the water 
supply connection to the tank for a one-piece 
toilet is typically closer to the floor, the stop 
must be positioned more exactly for it than 
for a two-piece toilet. A two-piece toilet is 
sold with a compatible tank and bowl, and a 
plumber must combine these two items. Some 
plumbers install the bowl to the drainage sys- 
tem before installing the tank; others assemble 
the set before installing the toilet. The tank is 
secured to the bowl with non-corrosive bolts 
designed specifically for this purpose and pro- 
vided with the tank. Most tanks use a two- 
bolt pattern; some have three bolts. A rubber 
gasket is provided with each tank bolt to seal 
the bolt penetration through the bottom of 
the tank. Most toilet tank designs require a 
plumber to install a foam-rubber gasket, pro- 
vided with the tank, that prevents the water 
that is leaving the tank and entering the bowl 
from leaking. The gasket, called a close-cou- 
ple gasket or tank-to-bowl gasket, is installed 
over the threaded portion of the flush valve 
on the bottom side of the tank. Some manu- 
facturers install a rubber gasket that serves 


as the seal between the tank and the bowl. In 
this case, the plumber does not have to install 
a separate close-couple gasket. The plumber 
should review the manufacturer information 
provided with each toilet for specific instruc- 
tions about the fixture being installed. 


The water connection to a toilet requires a sup- 
ply tube, known as a tank supply, that is designed to 
mate with the fill valve. A tank supply is an exposed 
chrome-plated, soft copper tubing with a flat end 
that connects the stop to the fill valve with a com- 
patible securing nut provided with the tank. Flex- 
ible plastic and braided stainless steel versions of a 
tank supply are available, each with a distinct con- 
necting end that is beveled instead of flat. The soft 
copper tank supply is bent by hand or with a bend- 
ing tool to create the required offset to connect it to 
the fill valve and stop. The trade name for the fill 
valve is ball cock. It regulates the water level in the 
toilet tank. 


The toilet is installed onto the closet (toilet) 
flange and sealed with a manufactured wax ring 
often called a wax seal. The wax seal is either in- 
stalled to the underside of the toilet or installed 
directly on the closet flange. Most manufacturer 
instructions recommend installing the wax seal 
onto the toilet, but many plumbers place the wax 
ring onto the flange and set the toilet over it. A 
plastic accessory called a horn is molded into 
some wax seals, but wax seals without the horn 
are more common and do not restrict the flow 
from the toilet. A closet flange allows two dif- 
ferent anchoring selections to secure the toilet 
to the closet flange. One option has a large slot 
that allows a plumber to adjust the closet bolts 
slightly in case the flange is not installed to ex- 
act dimensions from the back wall. In the second 
option, small slots require the plumber to install 
the closet flange to an exact dimension from the 
back wall. Most plumbers use the larger slot op- 
tion. Once the flange is installed to the drain 
pipe, the next step is to install the closet bolts. 
A pair of 1/4” closet bolts is sold as a set along 
with the required flat washers and hex nuts to 
anchor the toilet to the closet flange. Plastic dec- 
orative bolt caps and retainer washers that con- 
ceal the nut and washer of the closet bolt set are 
sold with the toilet. Each closet bolt is cut with 
a miniature hacksaw after the nuts are securely 
fastened to allow the bolt caps to be installed. 
A toilet seat is purchased by color and bowl 
design—either round or elongated. Residential 
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toilet seats have a hinged lid, and installation is 
self-explanatory. Some codes require the base of 
a toilet to be caulked where it sits on the finished 
floor; if so, the caulk should be the same color 
as the toilet. Table 15-2 lists the common tools 
and items needed to install a toilet. Figure 15-4 
shows a closet flange and a method of securing 
the closet bolts to the flange. Figure 15-5 illus- 
trates the connection of the stop and fill valve us- 
ing a soft copper tank supply tube. 


See Procedure 15-2 on pages 498-500 for step-by- 
step instructions for installing a two-piece toilet. 


Fixture and Equipment Installation 


from experience... 


A toilet installation is a one-person activ- 
ity, and a plumber must straddle the toilet 
with both legs to lift and install. The toi- 
let should be assembled in the immediate 
work area to avoid carrying the assem- 
bled toilet a long distance. 


ote e eee eee eee eee eee eee eee ee eee eee 
. 


CLOSET BOLT 
SIDE VIEW 


BOTTOM VIEW OF BOLT 


~<— BOLT THREADS 


——=<— BOLT HEAD IS INSERTED 
IN CLOSET FLANGE SLOT 


CLOSET FLANGE 


PLAN VIEW 


DRAIN OPENING (PIPE) 


BOLT SLOTS TO ADJUST 
BACK WALL DIMENSION 


BEVELED TOWARD 
CENTER OF DRAIN 


(A) 


MEASURED FROM 
BACK WALL TO 
CENTER OF FLANGE 


BOLT HEAD INSERTS 
IN SLOT OPENING 


HOLES TO SECURE 
FLANGE TO FLOOR 


ALTERNATE BOLT SLOT 


FIGURE 15-4 A closet flange and set of bolts are installed to secure a toilet to 


the drainage system. 
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BOLT CAP “OO La 


BOLT NUT —— Q 
FLAT WASHER —> === = 


= PLASTIC RETAINER WASHER —— == 


OUTLET OF TOILET UNDER BASE 


WAX SEAL —-. 


BOLT INSERTED —>| 1/4" HEX NUTS AND FLAT WASHERS 
INTO FLANGE SLOT [| ARE NOT TYPICALLY SOLD WITH BOLT 
| SET; THEY ARE USED TO SECURE 
=i BOLTS TO FLANGE Nop 


THICKNESS OF 
FLANGE 


CONNECTS WITH DRAIN PIPE 


FLOOR 


(B) 


ÞM] 
FIGURE 15-4 (Continued) 


TOILET TANK 


FILL VALVE NUT INSTALLED 


BY MANUFACTURER <— THREADED FILL 


VALVE SHANK 


FLAT END OF TANK SUPPLY WITH > ET 


PLASTIC INSERT 
ie FILL VALVE NUT ——>5 


| 1} SOME HAVE WINGS 
TO HAND TIGHTEN 
CHROME TANK SUPPLY 
CUT AND BEND aie OB 
AS REQUIRED 


BRASS 
COMPRESSION a 
FERRULE 
ESCUTCHEON 


~<- COMPRESSION NUT 


WALL FINISH ANGLE STOP 


VARIES BASED ON 
TOILET DESIGN 


DETERMINED 
DURING ROUGH-IN 


FLOOR 


FIGURE 15-5 A toilet tank supply tube connects the stop to the fill valve 
of a toilet tank. 
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TABLE 15-2 Common Tools and Items Required 
for Installing a Toilet 


List assumes that stop and escutcheon are already 
installed. 


Quantity Tool or Item 


1 Tubing cutter based on the type 
of tank supply used (copper or 
flexible tubing) 


Adjustable wrenches or 
compatible-sized open-end 
wrenches 


Adjustable pliers (channel lock 
or water-pump type) 


Flat-head screwdriver 


Miniature hacksaw to trim bolts 
(blade only from a standard 
hacksaw will suffice) 


Tube of caulking that matches 
the toilet color (if required) 


Rag to clean work area 


: from experience... : 
A wax seal may have tobe warmedona : 
cold day. This can be done by placing the: 
seal near the heater vent of a vehicle. This: 
: allows the wax to thoroughly compress 
: during the toilet installation. Apply your 

- body weight onto the toilet bowl to com- 


- press the wax seal. Do not over-tighten the 
bolts, or you may crack the toilet bowl. 


Most residential lavatory sinks are pre-molded 
with the countertop from cultured marble. A gen- 
eral contractor typically provides and installs the 
combined countertop and sink, and a plumber in- 
stalls the faucet and drain to create a functioning 
plumbing system. Numerous faucet designs are 
available, each of which is installed according to 
manufacturer instructions. A plumber must review 
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the manufacturer information when installing a 
specific faucet for the first time to ensure that the 
installation is correct. Some faucets use a specific 
supply tube known as a lavatory supply; other 
faucets use a compression coupling (union) con- 
nection. Every fixture is protected by a p-trap to 
prevent sewer gas from entering an occupied space. 
The size of the stub-out piping serving a lavatory is 
either 1-1/4” or 1-1/2". A plumber typically installs 
a 1-1/4" p-trap; therefore, a 1-1/2" X 1-1/4" trap 
adapter is sold with many p-trap assemblies. If a 
1-1/2" p-trap is installed, it will have a 1-1/2” trap 
adapter. A reducing slip joint washer is required 
to connect the p-trap to the 1-1/4” drain from the 
sink. Most residential lavatories use a pop-up drain 
assembly, which is sold with the faucet. The man- 
ufacturer installation instructions include specific 
information about the drain assembly. The over- 
flow drain on a residential lavatory is provided 
by the sink manufacturer. If the tailpiece provided 
with the pop-up assembly is too short to be con- 
nected with the trap inlet, a longer threaded 1-1/4” 
tailpiece or extension tailpiece is installed. If it is 
made of metal, it is cut to the desired length with a 
copper tubing cutter. Plastic tailpieces are cut with 
the appropriate PVC saw. Table 15-3 lists some 


TABLE 15-3 Common Tools and Items Required to 
Install a Cultured-Marble Lavatory 


List assumes that stop and escutcheon are already 
installed. 


Quantity Tool or Item 

1 Tubing cutter based on the type of 
tank supply used (copper or flexible 
tubing) 

2 Adjustable wrenches or 
compatible-sized open-end 
wrenches 

1 Adjustable pliers (channel lock or 
water pump type) 

1 PVC saw to cut the rough-in pipe 

1 Can of purple primer and glue to 
connect trap adapter to rough-in pipe 

1 Copper tubing cutter to cut 1-1/4” 
threaded tailpiece 

1 Basin wrench to install faucet and 
lavatory supply tubing 

1 Can of pipe dope or roll of Teflon 
tape for threads on pop-up 
assembly items 

1 Rag to clean work area 
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from experience... 


Installing the lavatory supply tubes before 
installing the faucet is more productive 
and eliminates the need to tighten con- 
nections with a basin wrench. 


common tools and items needed to install the fau- : 
cet and drain assembly to a residential countertop- 
style lavatory. Figure 15-6 illustrates two common 
methods used to connect a residential lavatory wa- 
ter supply to a faucet. Figure 15-7 illustrates the 
drain connection to a lavatory. 


See Procedure 15-3 on pages 501-507 for step-by- 
step instructions for installing a cultured-marble : i ccs 


countertop style lavatory faucet and drain. at 


COUNTERTOP OR SINK 


FAUCET MOUNTING NUT 


~<— THREADED FAUCET 
SHANK 


UNIQUE LAVATORY SUPPLY END ———> 


FAUCET SUPPLY NUT——> ! j 


[]<— SOME HAVE WINGS 
TO HAND TIGHTEN 


ROUGH BRASS OR 


CHROME TANK SUPPLY 3/8" OD 


CUT AND BEND —> 
AS REQUIRED 


~<- COMPRESSION NUT 


P 


BRASS COMPRESSION 
FERRULE 
ESCUTCHEON 


WALL FINISH ANGLE STOP 


À 
j DETERMINED 
| VARIES BASED ON FAUCET DURING ROUGH-IN 
| LOCATION OR JOBSITE CONDITIONS 

M 


(A) 


FIGURE 15-6 A lavatory supply tube connects the stop to a faucet, or a 
piece of soft copper tubing is routed to some faucet designs. 
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COUNTERTOP OR 
FAUCET LEDGE 


SECURING FEATURES VARY ON FAUCET DESIGN 
BRASS COMPRESSION NUT ———> 


BRASS COMPRESSION FERRULE ————>~ 


COPPER TUBE FROM MANUFACTURER 


T]~——— 3/8" OD BRASS COMPRESSION 
MALE THREADS ——— E UNION (COUPLING) 


ROUGH BRASS OR 


CUT AND BEND —> CHROME TANK SUPPLY 


AS REQUIRED 


<— COMPRESSION NUT 


BRASS COMPRESSION 
FERRULE 


ANGLE STOP 


WALL FINISH 
A 
DETERMINED 
-| VARIES BASED ON FAUCET DURING ROUGH-IN 
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Y 
(B) 


FIGURE 15-6 (continued) 


LAVATORY BOWL —>> 


POP-UP PLUNGER ROD RUBBER WASHER AND NUT 


<——— POP-UP DRAIN ASSEMBLY 


1-1/4" SLIP JOINT NUT AND WASHER 
<— THREADED 1-1/4" TAILPIECE 


ESCUTCHEON 1. 4.1/4" SLIP JOINT NUT AND WASHER 
THREADED SOCKET 
TO ROUGH-IN PORTION OF P-TRAP 
TRAP ADAPTER H T147 PATRAP 
EITHER CHROME 
OR PLASTIC 


FIGURE 15-7 A p-trap, installed to prevent sewer gas from entering an occupied 
area, is connected to the lavatory outlet. 
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KITCHEN SINKS è - 


The tools required to install a kitchen sink are 
the same as for a lavatory sink, with the possi- 
ble addition of a larger pair of pliers and a Phil- 
lips screwdriver. Numerous styles of kitchen sinks 
are available, and many have unique installation 
requirements. Most kitchen sinks are installed 
into a cut opening of a countertop and rest on 
the countertop. Some plumbers cut the hole into the 
countertop, but usually the general contractor pro- 
vides the opening based on the dimensions pro- 
vided by a plumber. Kitchen sinks in residential 
construction are most often made of stainless steel 
or cast iron. The weight of a cast-iron sink pro- 
vides the stability needed to maintain its permanent 
position on the countertop. A plumber simply ap- 
plies caulking to the edge of the cutout area of the 
countertop and places the cast-iron sink into the 
hole. The excess caulking is cleaned with a wet rag. 
A stainless steel sink must be fastened with clips 
provided with the sink. Putty or caulk is applied 
under the rim of the sink or around the cutout area 
of the sink. The sink is then inserted into the cutout 
and attached from under the countertop with the 
fastening clips. The faucet is typically installed onto 
the sink before the sink is installed onto the coun- 
tertop to increase productivity. Basket strainers 
can be installed in the drain openings of a stainless 
steel sink before the sink is installed. Basket strain- 
ers are installed after a cast-iron sink is installed 
because drain openings are required to safely in- 
stall a heavy sink. 


The drain connection arrangement below 
the sink varies based on the rough-in location 
of the stub-out, the number of bowls, whether 
a garbage disposer or a dishwasher is installed, 
and company preference. Code allows a single 
p-trap to connect a double-bowl sink, and a 
plumber typically uses an arrangement known 
as a continuous waste, which is purchased as 
a kit. If a garbage disposer is installed in one 
side of a double-bowl sink, a plumber typically 
installs a separate p-trap for each drain open- 
ing. If a dishwasher is installed, the discharge 
hose is connected to a designated connection 
on the side of a garbage disposer. If there is no 
garbage disposer, the dishwasher is connected 
to a tailpiece designed for connecting the dish- 
washer hose to the sink drain. The electrical 
connection to a garbage disposer is installed 
by an electrician, not by a plumber. Additional 
garbage disposer information was included in 


Chapter 8. If an air admittance valve (AAV) is 
the vent for the sink, it is installed during this 
phase of construction. 


The type of water supply to the faucet var- 
ies depending on the type of faucet installed. 
Some connections have a lavatory supply; others 
require a compression coupling (union) similar to 
the one shown in Figure 15-6. A plumber can in- 
stall a separate stop to serve a dishwasher or use 
a dual stop on the hot water rough-in stub-out. 
Figure 15-8 shows a continuous waste and dish- 
washer tailpiece. Figure 15-9 shows a countertop 
with a cutout for receiving a kitchen sink. Figure 
15-10 illustrates how a stainless steel sink is fas- 
tened to the underside of a countertop. 


from experience... 


Use an adhesive latex caulk to seal a 
kitchen sink to a countertop. It is easily 
cleaned from the edges of the sink with 
water and a rag. Adhesive caulk provides 
a more secure fastening of the sink to 
the countertop than does regular caulk. 


See Procedure 15-4 on pages 508-511 for step- 
by-step instructions for installing a stainless steel 
double-bow! sink. 


FIGURE 15-8 Various configurations are used to 
connect a sink to the p-trap. 
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PLAN VIEW 


BACKSPLASH ALONG EXTERIOR WALL 


CUTOUT IN 
COUNTERTOP 


FIGURE 15-9 A countertop is cut to exact dimension to 
receive certain types of kitchen sinks. 


SIDE VIEW 
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FIGURE 15-10 A stainless steel sink is fastened to the underside of a 
countertop. 
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DISHWASHERS = =žŽ7—— 


A plumber provides the water and drain connec- 
tions to a dishwasher. A general contractor or 
building owner typically provides the dishwasher. 
The hot water supply is routed from under the 
kitchen sink, and the drain hose from the dish- 
washer is connected to either a dedicated connec- 
tion of a garbage disposer or a tailpiece designed 
for that purpose. A manufacturer provides instal- 
lation information, and a plumber must review 
that data before installing a specific unit. Most 
dishwashers have a rubber connector on the end 
of the hose that is connected to the disposer or 
tailpiece. A plumber secures that connection with 
hose clamps. Two short wood screws are provided 
with the dishwasher to anchor it to the underside 
of the countertop. Damage to the countertop can 
result if longer screws are used. The dishwasher 
must be installed so that the sides are flush with 
the face of the cabinets and the top of the door is 
level with the countertop. A dishwasher has level- 
ing legs that are adjusted to accomplish this in- 
stallation. A hole is drilled in the side of the sink 
base cabinet as high as possible to route the drain 
hose to the sink area. The drain hose is connected 
at the factory to a pump located under the dish- 
washer. Some codes require an air gap device 
to be installed in a hole dedicated for that pur- 
pose on a kitchen sink. If so, the drain hose is 
routed through that device and then to the sink. A 
smaller hole is drilled at the bottom of the cabinet 
to route the water supply from under the sink to 
below the dishwasher. The water supply connec- 
tion for a dishwasher is 3/8” female iron pipe (FIP) 
size, and a brass compression 90° fitting is man- 


ufactured to connect the 3/8” soft copper tubing . 


to the dishwasher. This fitting is used in various 
places within a piping system, but it is often re- 
ferred to as a dishwasher elbow (ell). The water 
supply is connected to a factory-installed solenoid 
valve that is electrically activated and located un- 
der the dishwasher. The electrical connection to a 
dishwasher is installed by an electrician, not by a 
plumber. Figure 15-11 illustrates a compression 
fitting used to connect the water supply to a dish- 
washer. The drain connecting methods and addi- 
tional dishwasher information were presented in 
Chapter 8. 


CAUTION 


from experience... 


Place the scrap cardboard from the dish- 
washer box on the floor in front of the 
dishwasher installation area to protect 
the floor from damage. Adjust the height 
of the dishwasher after inserting it into 
its designated space. 


CONNECTS TO DISHWASHER 


MALE THREADS 


FLAT SIDES TO TIGHTEN 
ELBOW WITH WRENCH 


BRASS FERRULE a 


COPPER TUBE 


MALE 
THREADS 


TO HOT WATER 
STOP UNDER 
KITCHEN SINK 


BRASS COMPRESSION NUT 


FIGURE 15-11 A brass compression fitting known as a 
dishwasher elbow is used to connect the hot water supply to a 


dishwasher. 
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CHAPTER 15 


LAUNDRY SINKS ð 


The tools required for installing a laundry sink are 
the same as for a lavatory, with the possible ex- 
ception of a Phillips screwdriver and a level. The 
two most common types of laundry sinks are 
wall mounted or have four legs that are secured 
to the floor. A drill might be needed to install an- 
chors into the floor. If the sink is installed on a 
concrete floor, a hammer drill may be required to 
drill holes into the floor to install anchors. The 
water supply connections are similar to a lava- 
tory installation. Knock-out spots are present on 
laundry sinks where the faucets are installed that 
must be removed by a plumber. The faucet ledge 
can be drilled to install a faucet that is different 
from those that are typically designed for a laun- 
dry sink or to install accessories such as a soap 
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dispenser. The drain connection is the same as for 
any sink, and it has a p-trap as well. The trap size 
is 1-1/2", and it has a flanged tailpiece to connect 
the sink strainer to the p-trap. A wall-mounted 
version requires a plumber to install wood back- 
ing in the wall during the rough-in phase. A hanger 
bracket that is installed during the trim-out phase 
is provided with the sink. The hanger bracket is in- 
stalled with wood screws at a height determined 
during the rough-in phase. The sink is typically not 
more than 36” from the rim to the floor. The sink is 
suspended from the hanger bracket, and two side 
panels are installed. These panels provide addi- 
tional stability when the sink is filled and conceal 
the piping behind the sink. Additional information 
was provided in Chapter 8. Figure 15-12 illustrates 
a hanger bracket installed on a finished wall for a 
wall-mounted laundry sink. 


SIDE VIEW 


WOOD BACKING IN 
WALL STUD CAVITY 


WALL STUD BEHIND 
FINISHED WALL 


LEVEL 


HANGER BRACKET 


FINISHED WALL 


HEIGHT IS DETERMINED —>| 
DURING ROUGH-IN PHASE 


FLOOR —> 


..|<—— FINISHED WALL 


J: l SPACE CREATED BY ANGLE 
; JW BRACKET RECEIVES 


COMPATIBLE LEDGE OF SINK 


FRONT VIEW 


FIGURE 15-12 A hanger bracket is installed on the finished 
wall to install a wall-mounted laundry sink. 
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from experience... 


Never use wood screws that are more 
than 2” long when installing the hanger 
bracket for a wall-hung sink to avoid pen- 
etrating pipe or wiring on the opposite 
side of the wood backing in the wall. 


ott eeeeeeeeec eee ress eee ee essere eee * 


BIDETS 


The tools required to install a bidet are the same 
as for a lavatory, but a basin wrench may not 
be required. A bidet is connected to the drain- 
age system much like a lavatory using a 1-1/4” 
trap adapter. If the bidet drain rough-in is routed 
through a concrete floor, then the p-trap is in- 
stalled below the floor. If the drainage rough-in 
has a stub-out through the wall, then a plumber 
must proceed according to manufacturer’s recom- 
mendations and install the p-trap and associated 
drain piping. The faucet and pop-up assembly 
are also installed according to manufacturer’s in- 
structions, and the installation is similar to that 
of a lavatory faucet. The water supply serving a 
bidet is typically a 3/8” supply tube similar to that 
of a lavatory. Some bidets have a seat similar to 
a toilet seat. The base of a bidet typically has two 
mounting holes, which are often concealed un- 
der the fixture, to anchor it to the floor according 
to job-site conditions. A wood floor uses non- 
corrosive wood screws. 


et Fee eereee eee reer sree eee e eee eee eeeeeee, 


from experience... 


Set the bidet where it will be installed, 
and mark the floor where it will be an- 
chored. Remove the bidet. Install the 
necessary anchors or pre-drill the floor 
to install wood screws, and complete the 
installation. Connect the drain and water 
supply after the bidet is secured to the 
floor. 


WATER HEATERS __ 


Local codes and manufacturer instructions must 
be followed when installing a water heater. Many 
codes dictate, and all manufacturers recommend, 
using an expansion tank on the incoming water 
supply. An isolation valve must be installed on 
the cold water piping near the inlet of the wa- 
ter heater, so the expansion tank is on the down- 
stream side of the isolation valve. If local codes 
require a check valve, it should be installed be- 
tween the isolation valve and the expansion tank. 
A typical residential water heater has 3/4" male or 
female threaded water supply connections. Most 
codes dictate that copper or other metal piping 
be installed to connect the rough-in piping to the 
water heater. Some codes allow using copper flex- 
ible connectors designed for that purpose. Dielec- 
tric unions are often used and may be dictated by 
codes to prevent electrolysis when copper is con- 
nected to the steel connection points of a water 
heater. 


The physical location of the water heater of- 
ten determines the extent of the actual installa- 
tion. Most codes dictate that any water heater 
located above a finished area must be installed 
in a safety pan. The pan drain piping would typi- 
cally be installed during the rough-in phase. The 
discharge piping from the relief valve is installed 
by a plumber, with the termination point depend- 
ing on local codes and the location of the water 
heater. Most relief valve outlet connections on a 
residential water heater are 3/4” female threaded 
connections and require a plumber to install a 3/4” 
male adapter. Most codes dictate that the relief 
valve discharge piping must be made of copper or 
some other metal, so the extreme hot water dis- 
charge does not damage it. If your local codes have 
unique installation requirements, such as earth- 
quake protection, you would need to adhere to those 
installation requirements as well. Figure 15-13 
illustrates some general installation features of a 
water heater. Figure 15-14 shows a copper wa- 
ter pipe connection with a dielectric union. The 
tools required to install a water heater depend 
on the piping methods used. All pipe connections 
can be tightened with a pair of pliers, an adjust- 
able wrench, or a small pipe wrench. If you use 
copper tube, you will need all the tools required to 
solder copper fittings. Flux, solder, and sand cloth 
are required for copper connections, and if PEX or 
CPVC is connected to the copper, you will need the 
tools required to install those systems. 
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CHAPTER 15 


EXPANSION TANK —> 


HOT WATER TO HOUSE ——> 


TOP OF WATER HEATER 


RESIDENTIAL ——>- 
WATER HEATER 
BOILER DRAIN 


PLACE IN SAFETY 
PAN IF REQUIRED 
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WALL STUB-OUTS 


U 
Ri ISOLATION VALVE 


CHECK VALVE 


| (IF REQUIRED) 


COLD WATER TO STORAGE TANK 


DIELECTRIC UNION 
(IF REQUIRED) 


DISCHARGE PIPING 


ROUTE PER LOCAL 
CODE OR JOB-SITE 
REQUIREMENTS 


FIGURE 15-13 A water heater installation has similarities regardless 


of the type of heater. 


CONNECTS TO ———>- 
WATER SUPPLY PIPING 


COPPER TUBE —> 


~<— HOT AND COLD 

PIPING CONFIGURATION 
SOLDERED 
CONNECTION 


DIELECTRIC UNION MALE THREADS 


TAE 


<~ BRASS NIPPLE OR 
NON-CORROSIVE 
NIPPLE PROVIDED 
BY MANUFACTURER 


CONNECTS WITH 
STEEL TANK 


STEEL TANK 


FIGURE 15-14 Water supply connection to a 
water heater often requires a dielectric union. 


CAUTION 


eoceeece rece e eee eee eee eee ee eee eee eee eee 


from experience... 


Fabricating the copper water heater pip- 
ing beforehand that is connected directly 
to the heater increases productivity. 
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ELECTRIC WATER 
HEATERS 


On an electric water heater, a plumber connects 
the hot and cold water piping from the rough-in 
stub-outs to the designated inlet and outlet con- 
nection on the top of the heater. The type of pip- 
ing used dictates the actual installation steps. 
Converting dissimilar materials such as PEX to 
copper must be performed using approved meth- 
ods. An electric water heater can be installed 
with minimal clearance to combustible material. 
A manufacturer indicates any dangerous condi- 
tions pertaining to the specific heater. Electric 
water heaters are not as heavy as gas water heat- 
ers, but they are fragile, and two people should 
install them in place. A hand truck or other equip- 
ment-moving aids should be used to protect the 
water heater from damage and to avoid injury to 
the lifters. Most codes allow the safety pan for 
an electric water heater to be plastic due to the 
lack of heat generated externally from the water 
heater. An electrician connects the electrical wiring 
to the water heater, but the manufacturer installs 
all internal operating devices and wiring. After the 
water supply connections are complete, the tank is 
filled with water and all air is removed by opening 
a hot water faucet. The electrical current is then 
energized to make sure that hot water is being 
produced. Figure 15-15 shows how to position an 
electric water heater so that access is available for 
future repair. 


TOP CONTROL 
SERVICE PANEL 


ALWAYS POSITION 
ELECTRIC WATER 
HEATER SO THE 
SERVICE PANELS 
CAN BE REMOVED 
TO ALLOW REPAIR 
AND A SAFE 
WORKING 
ENVIRONMENT 


FIGURE 15-15 The service panels on electric 
water heaters must be positioned for easy access. 


BOTTOM CONTROL 
SERVICE PANEL 


CAUTION 


CAUTION 


from experience... 


Always situate an electric water heater so 
that the service panels can be removed 
for safe access for future repair. 


eceeeeeeeeeee 
Seer ececeecee eee * 


ott eeeereceeeceeec eee er eee eceee ee eeeeee ® 
. 


GAS WATER 
HEATERS 


The tools required for a gas water heater installa- 
tion are the same as for an electric water heater, 
with the exception of needing two pipe wrenches 
to connect the gas piping system. Some codes re- 
quire a special gas license to connect the gas sup- 
ply to the heater. The water supply connection 
methods and code information may be the same 
for a gas water heater and an electric water heater. 
Codes vary pertaining to the gas supply connec- 
tions and venting regulations. The specific water 
heater dictates many of the installation methods. 
One code for gas different from that for electric 
water heaters is that the safety pan must be made 
of metal rather than of plastic. A manufacturer’s 
label on the water heater indicates what the clear- 
ance must be from combustible materials, which 
varies. The gas supply pipe arrangement is fairly 
typical for most residential water heaters. The gas 
regulator (gas valve) has a 1/2” female threaded 
connection. The manufacturer installs all operating 
devices and piping in the burner assembly area, and 
a plumber simply provides a single gas connection. 
Most codes dictate that a drip leg must be installed 
to collect any small particles or moisture present in 
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NIPPLE LENGTHS ARE DICTATED BY SPECIFIC JOB CONDITIONS 


PIPE DOPE OR TEFLON TAPE IS APPLIED TO ALL MALE THREADS 


CONNECTS WITH GAS SUPPLY 


DRIP LEG ———> 


PIPE NIPPLE ———> 
TYPICALLY 6" 
LONG 


PIPE NIPPLE 


| p FEMALE THREADED VALVE 


GAS COCK OR APPROVED BALL VALVE 
INSTALLED NEAR WATER HEATER 


UNION 


MALE THREADS 


| 


—> CONNECTS TO 
GAS REGULATOR 
ON WATER HEATER 


THIS CONFIGURATION IS NOT USED 
IF FLEXIBLE CONNECTOR IS USED 


FIGURE 15-16 A gas piping connection to a water heater often uses a drip-leg style 


configuration. 


the gas supply system. A drip leg is assembled us- 
ing Schedule 40 black-steel pipe nipples and black 
malleable pipe fitting. Flexible metallic connectors 
designed for this purpose may be allowed by local 
codes. A gas cock or another approved isolation 
valve is installed near the water heater. The vent- 
ing requirements of a gas water heater are dictated 
by code, type of heater, and job-site conditions. 
A direct-vent gas water heater has exact installa- 
tion requirements. The heater is placed according 
to manufacturer instructions and code regulations. 
After a direct-vent water heater is situated, the 
venting portion is complete, but many codes man- 
date that an HVAC contractor install the venting 
(flue) system. After the flue portion is installed, the 
plumber connects the gas and water supply sys- 
tems. When the tank is filled with water and all 
air is removed from the tank and system, the gas 
supply is activated and tested for leaks. A specially 
formulated soapy solution is applied to the gas 
pipe connections to inspect for visible signs of a 
leak. Once the gas system is tested and inspected, 


the water heater can be operated and tested. 
Figure 15-16 shows a typical gas piping configura- 
tion serving a residential gas water heater. 


CAUTION 


from experience... 


A solution of dishwashing soap and water 
can substitute for gas leak detection solu- 
tion. A gas leak will cause the soapy solu- 
tion to bubble. 
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Green Tip 


A plumber will encounter the most cardboard 
-trash when installing fixtures on a jobsite. 

: Water heaters, dishwashers, toilets, and sinks 

: are all shipped in large cardboard boxes. Make 
+ sure to recycle all cardboard waste materials. 


SUMMARY 


e Most fixture installations are done during the 
trim-out phase of construction. 

e A toilet is installed onto a closet flange with a 
wax seal and a set of closet bolts. 


e A two-piece toilet is assembled by a plumber on 


a job site. 


C] Recycling scrap copper can be a 
way to protect the environment 
and make money. 


GREEN CHECKLIST 


A p-trap installed on all sinks connects the fix- 
ture outlet to the rough-in stub-out pipe. 


A trap adapter is installed to connect the stub- 
out pipe to the p-trap outlet. 


A kitchen faucet is typically installed before in- 
stalling a kitchen sink. 


A plumber usually installs a dishwasher. 


The hot water supply to a dishwasher is usually 
the same supply as the kitchen sink. 

The drain from a dishwasher usually connects 
to the drain from a kitchen sink. 

A garbage disposer has a designated port to 
connect the dishwasher drain hose. 

Some codes require a dishwasher drain hose to 
be routed through an air-gap device. 


A water heater installation is based on the spe- 
cific type of heater and relevant codes. 


Fixture installations are tested with a perfor- 
mance test, not with a pressure test. 


C] Plumbing fixtures and equipment, 


which are shipped in large cardboard 
boxes, should be recycled. 
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Clean the exterior of the 
stub-out pipe to remove any 
paint or other construction 
debris that has adhered to 
the pipe. Apply fire caulk 

or other sealant around the 
stub-out pipe, if required. 
Measure where the stub- 
out pipe will be cut, and 
mark the pipe. Angle 

stop outlets can often be 
installed directly beneath a 
faucet or toilet connection 
to avoid bending the supply 
tube that connects the stop 
with the fixture. Sometimes 
the available space beneath 
a fixture means that the 
supply tube must be bent to 
be connected to the fixture. 


Turn off the water 

supply to the house or 
the portion of the water 
supply system that serves 
the stub-out pipe. Open 
the boiler drain on a 
washing machine box or 
tub and shower faucet to 
relieve the water pressure 
and drain water from the 
piping system. Place the 
bucket or container below 
the stub-out pipe. If the 
penetration is through the 
floor, place a rag around 
the base of the stub- 

out pipe. If the stub-out 
piping is located below 
an opened faucet, you 
could be draining the 
piping system into your 
work area when you cut 
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the pipe. Be prepared 

to capture all water that 
will exit the pipe. Do not 
attempt to cut completely 
through the stub-out pipe 
without knowing if the 
water pressure is alleviated 
from the system and 
without being prepared 
for the amount of water 
that will drain out of the 
pipe. Make a small cut on 
the bottom of the pipe 

or on the side that faces 
the bucket or container 
to allow all water to drain 
out safely. Once the water 
stops draining into the 
container, finish cutting 
the stub-out piping. 


When reaming the copper 
tube, make sure that the 
metal shavings do not 
enter the stub-out pipe. 

If a metal escutcheon is 
used, place it over the 
pipe in the opposite 
direction than it will be 
installed to slightly bend 
the tabs inward. Remove 
and install it over the stub- 
out pipe in the intended 
direction. Depending on 
the type of stop installed, 
complete installation onto 
stub-out pipe. 
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Cut, bend, and align 
supply tube to faucet or 
toilet. Install compression 
nut and ferrule onto 
supply tube. 


Using two wrenches that 
will not scar the finish 

of the stop, such as 
adjustable wrenches or 
open-ended box wrenches 
in opposing directions, 
tighten the compression 
nut to the stop. Do not 
over-tighten the nut, 

but make sure that it 

is securely tightened to 
the stop. The intent is 

to compress the ferrule 
around the copper pipe. 
The stop handle is turned 
clockwise to close, and 
the connection is tested 
for leaks by applying 
water pressure to the 
piping system. 


498 SECTION 3 Layout and Installation 


Installing a Two-Piece Toilet 


Make sure that the closet A) 
flange is installed and the 
closet bolts are securely 
fastened to the flange, 
similar to what is shown 
in Figure 15-4. The stop 
and escutcheon can 

be installed before or 
after installing the toilet. 
Company preference 
dictates whether to place 
the wax seal onto the 
closet flange or directly 
onto the toilet. Your 
personal preference 
dictates whether you 
assemble a two-piece 
toilet before setting it 
onto the flange. In this 
procedure, the wax seal 
is placed onto the flange 
rather than the underside 
of the bowl. 


B) Place the close-couple B) 

gasket over the threaded 
portion and nut of the 
flush valve located on the 
underside of the tank. 
Insert the tank bolts and 
washers through the 
designated holes of the 
toilet tank. Some tank 
designs require the tank 
bolts to be secured 
to the tank before securing 
the tank to the bowl. 
Place the tank onto the 
bowl, aligning the bolts 
with the designated holes 
in the top of the bowl. 
Place the flat washers over 
the bolts, and tighten the 
hex nuts to secure the tank 
to the bowl. The tightening 
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process must secure the 
tank evenly to the bowl. To 
avoid breaking the fragile 
tank or bowl, do not over- 
tighten the bolts, but 
make sure to tighten them 
enough so that the tank- 
to-bowl gasket is firmly 
sealed. 


Place the wax seal onto 
the closet flange, so it is 
centered over the drain 
opening and between the 
closet bolts. Stand in front 
of the toilet and grasp 

it with both hands. Set 
the toilet while aligning 
the designated holes in 
the base of the bowl 
over the closet bolts. 
Apply even downward 
pressure until the wax 
seal is compressed. The 
toilet should be level and 
resting firmly against 

the floor. If the floor is 
uneven, plastic shims sold 
for this purpose can be 
added under the toilet 
base where necessary to 
level the bowl. 


Insert the plastic retainer 
washer that is provided 
with the toilet. Identifying 
text on one side indicates 
which side should face 

up (or down). If the 
retainer washer is installed 
incorrectly, the plastic bolt 
caps will not remain in 
place. Place the flat metal 
washers over the closet 
bolts to rest on top of the 
retainer washers. 
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Tighten the closet bolt 
nuts onto the bolts, 
alternating between the 
bolts to evenly tighten the 
toilet to the closet flange. 
With a hacksaw, cut the 
excess portion of each 
closet bolt flush with the 
top of the nut. Place the 
bolt caps over the bolts 
until they snap over the 
retainer washers. Install 
the tank supply as shown 
in Figure 15-5. Turn 

on the water supply by 
rotating the stop handle 
counterclockwise to fill 
the toilet tank. Flush the 
toilet to inspect for leaks. 
Install the toilet seat and, 
if codes or your company 
requires the base of the 
toilet bowl to be caulked 
to the floor, neatly apply 
the caulking. 


The process is complete, 
and the toilet should 

be firmly set onto 

the floor. Water level 
adjustments may be 
required; a plumber must 
read the manufacturer's 
instructions for the proper 
adjustment procedure. 
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The general contractor 
typically has the 
countertop securely 
fastened to the cabinet, 
and a plumber must 
install the faucet, pop-up 
drain assembly, and 
necessary piping. Review 
manufacturer's installation 
information. This 
procedure uses a faucet 
design with a lavatory 
supply tube similar to the 
one in Figure 15-6 

(see pages 484-485). 
The actual steps or 
sequence of installation 
on a job site is based on 
preference and job-site 
conditions and might 
vary from this procedure. 
Install the lavatory supply 
tubes onto the threaded 
faucet shanks with the 
nuts provided with the 
faucet. This step can also 
be performed after the 
faucet is installed onto 
the countertop. Make 
sure that the plastic seal 
provided with the faucet 
is installed, or apply putty 
or caulk around the faucet 
holes in the countertop 
before inserting the 
faucet into the designated 
holes. This will prevent 
water from leaking from 
the countertop into the 
cabinet. Insert faucet 
through countertop holes. 
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B) Tighten the faucet from 
below the sink with a 
basin wrench or other 
required tools. 


Bend lavatory supply tubes c) 
to align with the stops 


below the sink. 
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D) Mark the supply tube to ® 
the required length, and 
cut with the appropriate 
cutting tool. Install the 
3/8” nut and ferrule over 
the supply tube, and 
insert the supply tube 
into the stop. 


B Tighten the compression 
nut and ferrule. This 


completes the water 
supply connection to the 
faucet. Water can be 
supplied to test for leaks 
after the faucet is in the 
closed position. 
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© Numerous pop-up designs 
are available, each with 

unique installation 
features. Oil-based putty 
cannot be used with some 
cultured-marble products, 
so a plumber may need to 
use caulking. Apply putty 
or caulk to the underside 
of the drain-assembly 
flange. 


O Install the securing nut 
onto the threaded portion 

of the drain assembly 
followed by the rubber 
gasket, with the beveled 
side of the gasket in the 
up position. Apply pipe 
dope to the male threads 
of the pop-up drain 
assembly, and insert it up 
through the drain opening 
of the sink from below. 
Hand-tighten the drain 
flange onto the threads 
of the drain assembly. 
Tighten the securing nut 
from below to compress 
the putty or caulk and 
gasket. Make sure that 
the side connection 
designated for the pop-up 
rod is facing toward the 
faucet. 
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@ Insert the pop-up lift rod (H) 
into the designated hole 
through the center of 
the faucet. 


@ Insert the pop-up plunger 
into the drain opening 


of the drain assembly. 
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Insert and tighten the 
plunger rod into the 
designated opening on 
the side of the drain 
assembly, making sure 
that it activates the 
plunger. 


Connect the link extension 
to the lift rod and plunger 
rod, and adjust as required 
to ensure that the plunger 
fully operates when the 
lift rod is activated. 


Cut rough-in stub-out 
to desired length, based 
on job-site conditions, 
so that the p-trap can be 
installed. 


WALL ——— sae 


CUT STUB-OUT TO DESIRED | a 
LENGTH FROM THE BACK WALL 


DRAIN STUB-OUT 
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Q Install escutcheon over Q 

the stub-out pipe if job- 
site conditions dictate the 
installation at this stage. 
The escutcheon might 
have to be installed after 
the trap adapter for some 
installations. Solvent-weld 
the trap adapter to the 
stub-out pipe. Measure 
and cut the p-trap outlet 
to its required length to 
align the p-trap inlet with 
the pop-up drain outlet. 
Install the p-trap into the 
trap adapter. The vertical 
distance from the trap 
inlet to the pop-up drain 
outlet determines whether 
the tailpiece provided with 
the drain assembly needs 
to be cut or extended. 
Install the tailpiece into 
the drain assembly and 


p-trap. 


Q Turn on the water supply 
and fill the sink. Drain the 


sink to test for leaks in the 
drainage system. 
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Installing a Stainless Steel Kitchen Sink 
into a Countertop 


Q Install the faucet A) 
on the sink based 
on manufacturer's 
instructions. Install the 
basket strainer into each 
drain opening of the 
sink using putty or caulk 
on the underside of the 
basket strainer flange. 


© Install the garbage © 
disposer mounting flange 
into the dedicated sink 
drain hole using putty or 
caulk per manufacturer 
instructions, but do not 
mount the motor portion 
of the disposer at this 
time. 


O Clean the countertop of 
dust and debris with a 


clean moist rag and dry 
the surface. Apply putty 
to the underside of the 
rim of the sink, or apply 

a latex non-siliconized 
adhesive caulk to the edge 
of the cutout area of the 
countertop. 
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Install sink into cutout 
area. 


Install fastening clips 
similar to those shown in 
Figure 15-10, tightening 
them from the middle 

of the sink outward to 
the edges. Do not over- 
tighten. The intent is to 
securely fasten the sink 
until all gaps are removed 
between the sink edges 
and the countertop. Clean 
excess putty or caulk from 
the edges of the sink. If 
caulking was used, clean 
with a wet rag. 


CHAPTER 15 
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PUTTY OR CAULK 


COUNTERTOP ~> 


FASTENING CLIP 


SLOTTED FASTENING STRIP 
FASTENING SCREW 


STAINLESS STEEL SINK 
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@® This step assumes that the &® 

stops and escutcheon are 
installed according to the 
step-by-step procedures 
explained previously in 
this chapter. Connect the 
water supply tubing from 
the stops to the faucet as 
required, similar to that 
shown in Figure 15-6. 
This procedure is based on 
a double-bowl sink with 
a garbage disposer. Cut 
the drain rough-in stub- 
out piping as needed, 
and install the escutcheon 
and necessary piping and 
trap adapter. Align the 
p-trap with the flanged 
tailpiece. Cut the tailpiece 
if it is too long or install 
an extension tailpiece if 
it is too short. Tighten all 
slip-joint connections, and 
continue with the garbage 
disposer drain connection. 


© Many kinds of garbage O 

disposers are available, 
and a plumber must 
follow manufacturer's 
instructions. If a 
dishwasher is being 
installed, it typically 
discharges into the 
drainage system through 
the garbage disposer 
connection. Lay the 
garbage disposer on its 
side, and use a chisel and 
hammer to lightly knock 
out the plug installed by 
the manufacturer inside 
the dishwasher drain 
connection port. 
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Remove the plug from 
inside the disposer by 
tilting it upside down. 
Install the flanged elbow 
facing downward into the 
disposer outlet. Mount 
the garbage disposer 
motor portion onto the 
mounting flange from 
below the sink, aligning 
the drain outlet of the 
flanged elbow in the 
direction it will discharge 
into the p-trap. 


Install the required piping 
below the sink to place 
the p-trap in alignment 
with the flanged elbow. 
Install the extension 
tailpiece to connect the 
p-trap and flanged elbow. 
Once the dishwasher is 
installed and the drain 
hose is connected, the 
drain system can be tested 
by filling both sinks with 
water and draining them 
to visually inspect for 
leaks. 
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REVIEW QUESTIONS 


. The wall plate used to conceal a 
pipe penetration is called 


4. To prevent sewer gas from entering 
a building, a toilet is sealed to the 


a. An escutcheon drainage system with a 
b. A cover plate a. Sewer gas preventer 
c. A pipe conceal b. Closet flange and wax seal 
d. A concealing plate c. Air admittance valve 
d. P-trap 


2. A valve used to isolate the water 


supply under a fixture is called a 5. A lavatory tailpiece that connects 
a. Gate valve a pop-up drain assembly to the 

b. Stop p-trap is 

c. Ball valve a. 1-1/ 


b. Always plastic 
c. Always metal 


d. Fixture isolator 


3. The name for the water supply d. 2” 
tube that is connected to a toilet is 
a. Fill valve connector 6. A lavatory p-trap is connected to 


the rough-in stub-out pipe with a 
a. Trap adapter 

b. Rough-in adapter 

c. Trap connector 

d. Basket strainer 


b. Tank supply 
c. Toilet supply connector 
d. Lavatory supply 


7. A stainless steel kitchen sink 
installed into a counter is sealed 
with either caulk or 


a. Wax 

b. Putty 

c. Solvent cement 
d. Primer 


8. The drain opening in a kitchen 
sink that does not have a garbage 
disposer requires a 


a. Basket strainer 
b. Pop-up assembly 
c. Wax seal 

d. Closet flange 
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10. 


11. 


12. 


13. 


CHAPTER 15 


A piping arrangement that 14. 


connects two bowls of a sink to 
a single trap is called a 


a. Two-sink arrangement 
b. Double-bowl connector 
c. Continuous waste 

d. Pop-up assembly 


15. 


A dishwasher drain hose discharges 
into a tailpiece designed for that 
purpose or into the 


a. Stub-out pipe on the downstream 
side of the p-trap 


b. Designated connection to a garbage 
disposer 


c. Vent serving the kitchen sink 
d. Sink bowl 


The most common types of laundry 16. 


sinks either have four legs and are 
mounted to the floor or 


a. Have two legs and are mounted 
to a wall 


b. Are wall mounted 
c. Are installed into a countertop 


d. Have a single leg and are mounted 
to a wall 


17. 


To prevent electrolysis when copper 
is connected directly to a water 
heater requires a 


a. Copper male adapter 
b. Copper female adapter 
c. Dielectric union 


d. Copper union 18. 


An electric water heater 

a. Does not require a vent (flue) pipe 
b. Requires a vent (flue) pipe 

c. Is available in a direct-vent type 

d. Has always 30-gallon capacity 
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A residential gas water heater 

a. Requires a 120-volt electrical circuit 
b. Requires a 240-volt electrical circuit 
c. Does not require electricity 


d. Has to be 50-gallon capacity 
minimum 


If a dishwasher is installed with 
a dedicated connection to a 
garbage disposer, a plumber must 


a. Knock out the plug inside the 
connector 


b. Route the dishwasher hose lower 
than normal 


c. Use a tailpiece designed for that 
purpose 
d. Install a wax seal 


A flanged tailpiece used on 
a kitchen sink installation is 
attached to the 


a. Garbage disposer mounting 
assembly 


b. Rough-in pipe to install a p-trap 
c. Pop-up assembly 
d. Basket strainer 


The minimum size of a p-trap used 
for a kitchen sink is 


a. 1-1/4" 
b. 1-1/2” 
c. 2” 

d. 2-1/2" 


The minimum size of a p-trap used 
for a laundry sink is 


a. 1-1/4" 
b. 1-1/2” 
¢. 2" 

d. 2-1/2" 
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19. A stop that serves both the 


dishwasher and the hot water 
supply to a kitchen sink faucet is 
known as a 


a. Multi-stop 
b. Dishwasher stop 
c. Kitchen sink stop 
d. Dual stop 


The connection method used to 
install the 3/8” outlet of an angle 
stop is known as 


a. A compression joint 
b. A flare joint 

c. A solder joint 

d. A threaded joint 
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Troubleshooting 


e know basic and safe troubleshooting approaches. e know that a manufacturer of a specific product 
provides repair information based on that 
e understand that a troubleshooting approach is product. 


based on a specific product or system. 


e understand basic water heater, well pump, and 
e recognize that a manufacturer warranty applies toilet repair approaches. 


to the replacement of a defective product. 
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GLOSSARY OF TERMS 


circuit an electrical wiring high limit a safety device volt (V) a measure of 
system from a power source to serving a water heater that electromotive force (EMF) often 
equipment or a device disconnects an energy source described as electrical pressure, 
when water temperatures but a plumber relates it to the 
circuit breaker a device approach unsafe temperatures amount measured on a voltage 
that disconnects (isolates) an meter, such as 120 volts or 
electrical circuit meter an electrical testing tool 240 volts 
used to test voltage, amperage, and 
foot valve a check valve continuity of an electrical system watts a measure of electrical 
device installed at the bottom power or the true power in a 
of a vertical drop pipe in a well ohm (Q) a unit of measure circuit, but a plumber relates 
serving an above-ground pump; describing the resistance of flow it to a heating element of an 
ensures that water remains in the of an electrical current electric water heater, such as 
pipe after a pumping cycle 4500 watts 
submersible pump a pump 
heating element an immersed motor and impeller assembly 
heating device that heats water that is submersed in a well below 
in a storage tank when energized ground to provide water to a 
with electricity piping system 
518 
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his book is targeted at installing 

new residential plumbing systems. 

A plumber installing new systems 
typically does not have to provide ma- 
jor repairs on the new products installed. 
However, most new homes have at least a 
one-year warranty period, so a plumber 
must be able to perform repairs and trou- 
bleshoot problems that might arise. A 
plumber servicing items under warranty 
frequently removes a defective item and in- 
stalls a new one rather than attempting a 
major repair. When repairs are necessary, 
though, the first step is understanding the 
correct operation of the system. Manufac- 
turers provide troubleshooting information 
with most products. A plumber should re- 
view that information and retain all data for 
the life of a warranty. Manufacturer data is 
an excellent source of information to con- 
tinue your plumbing education and to learn 
the basic operation of the products you in- 
stall. A separate book could be written to 
cover repair procedures for every product 
available in the plumbing industry, so this 
chapter focuses on some major items that 
tend to require extensive repairs. With new 
products constantly being introduced and 
existing products being revised, a plumber 
must remain knowledgeable about how to 
install and repair faucets, water heaters, toi- 
lets, hose faucets, and other common items. 
Faucet repairs are unique to the specific 
faucet installed, so this chapter does not 
discuss faucet repairs. Instead, it focuses on 
major repair procedures, of some items such 


as water heaters, well pumps, and toilets. 
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Troubleshooting a system for high or low 
pressure or noisy operation is done by in- 
specting individual items within the system 
to eliminate possible causes to determine 
the reason for the problem. This chapter 
includes some troubleshooting and reason- 
ing methods for specific problems that may 
arise. The information provided here does 
not relate to any specific manufacturer or 
product. Safety must always be the first con- 
cern when troubleshooting or approach- 
ing any repair. In addition, knowing how a 
device will react within a system is vital to 


perfom a correct, safe repair. 


SAFETY 


Many plumbing repairs involve working with wa- 
ter, electricity, and gas. A plumber must be qualified 
and possibly licensed to repair certain aspects of a 
plumbing system. Some codes may allow minor re- 
pairs and alterations to be performed without being 
licensed or requiring a permit. This does not mean 
you should not be qualified to perform a repair, and 
one of the most important aspects of being qualified 
is safety. 


Before testing any electrical components, a per- 
son must be qualified in working with electricity 
and know manufacturer specifics about the item be- 
ing repaired. The Occupational Safety and Heath 
Administration (OSHA) has numerous safety guide- 
lines and training materials available (www.osha. 
gov). No person should work on an electrical sys- 
tem without obtaining licensing if relevant in your 
state or city. When a circuit breaker or electrical dis- 
connect is turned off, a lock out method should be 
implemented to ensure that the electricity is not en- 
ergized. Specific tags are available that warn oth- 
ers that work is being performed and to prevent 
someone from accidentally turning on a breaker or 
disconnect. 


Working with natural gas or propane often re- 
quires the piping system to be disconnected. This 
could release gas into the work area and could cause 
an explosive reaction. Many states have regulations 
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pertaining to evacuating (purging) gas from a con- 
fined area or occupied space. After an installation or 
often a repair, air must be purged from a gas piping 
system to allow for the ignition of the equipment, 
such as a water heater. Purging requires a plumber 
to use piping or hoses temporarily connected to 
the piping system and routing the hose or tempo- 
rary pipe to a safe exterior area. Be sure to know 
your local codes pertaining to purging, and be cer- 
tain that no explosive situations are present in the 
purge location. After reconnecting a gas piping sys- 
tem, a soap test must be performed before igniting 
any burners. A leak-detecting soap formula is avail- 
able at plumbing wholesale outlets and is applied 
around all connections and valves. Some repairs on 
a water piping system involve soldering copper, so 
knowing first aid treatment of burns and maintain- 
ing a proper first aid kit are very important. Having 
a full-charged fire extinguisher should be a prior- 
ity when using an open flame. Fire-resistant sheets 
and blankets are available at plumbing or welding 
wholesale outlets and are used to protect against 
combustible materials being ignited when using a 
torch. 


ELECTRIC WATER 
HEATERS 


Electric water heaters were discussed in Chapter 8, 
but this chapter is designed to dissect each compo- 
nent and test its function to properly diagnose a 
problem. A plumber must understand the basic op- 
eration of an electric water heater to troubleshoot a 
malfunction. Most residential electric water heaters 
are 240-volt, non-simultaneous with two heating 
elements. In a non-simultaneous heating cycle, only 
one of the elements operates at a time. The elements 
are identical and positioned so they are referred to 
as an upper and a lower element. The temperature- 
regulating components are the thermostat and the 
high-limit device. The two thermostats are different 
and are also classified as upper and lower. The high- 
limit device disrupts the electrical current to the 
thermostats and elements if the water temperature 
reaches an unsafe level. The high limit and upper 
thermostat are typically manufactured as a single 
unit, but their operating features remain indepen- 
dent. The manufacturer installs the internal wiring 
to devices, but a plumber must disconnect it when 
replacing items during a repair. A plumber must 
know the operating sequence to be able to correctly 


HIGH LIMIT 
DEVICE ieee 
SWITCH 
i ! THERMOSTAT 
UPPER 
ELEMENT 
STORAGE TANK 
PORTION OF 
LOWER ELECTRIC WATER 
THERMOSTAT HEATER 
LOWER 
ELEMENT 


FIGURE 16-1 A residential electric water heater 
has heating elements and temperature-regulating 
devices. 


diagnose an internal problem with the devices and 
elements. Figure 16-1 illustrates the positioning of 
the heating elements and temperature-regulating 
devices in relation to one another. A plumber must 
drain a gas or electric water heater before removing 
any device that is immersed in the water. 


from experience... 


Numerous water heater designs exist, but 
the configuration of most elements and 
thermostats is the same regardless of the 
manufacturer. 


See Procedure 16-1 on pages 542-543 for step-by- 
step instructions for draining a water heater. 


HıGH-LIMIT DEVICE 


The high-limit device is commonly referred to as a 
high-limit switch or high limit. A plumber should 
never route wiring differently from the manufac- 
turer because the sequence of operation will not hap- 
pen as designed. The wire providing electricity to a 
water heater is called a leg. The two wires that are 
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connected to the high-limit device are identified as 
line voltage one (L1) and line voltage two (L2). The 
screws that secure the wire connection to the electri- 
cal devices are known as terminals or posts. One wire 
provides 120 volts (V) of electricity to one side of a 
heating element, and the second wire completes the 
circuit by providing an additional 120 volts to the 
same element that is connected to another dedicated 
post. The sequence of operation depends on the tem- 
perature of the water in the tank. The hot water rises 
to the top of the storage tank, and the cold water is 
routed to the bottom of the tank through a dip tube. 


The routing of electricity after each wire is con- 
nected to the high-limit device is different between 
L1 and L2. Both legs are connected to their dedicated 
post in the high-limit switch, and their continuation 
is allowed only if the high-limit switch is not tripped 
due to unsafe conditions. The high-limit device 
has a bimetal disk housed internally that reacts to 
high temperatures within the tank. If the tank tem- 
peratures become too hot, the bimetal disk discon- 
nects the electrical power through the device. The reset 
button on a high-limit switch can return the bimetal 
disk to its original form and allow the electricity to 
flow through the device. A plumber should always as- 
sume that the reset button was tripped due to unsafe 
conditions and should never simply reset the device 
without ensuring that a problem does not exist. Res- 
idential electric water heaters have surface-mounted 
thermostats and high-limit devices. The temperature 
is actually sensed on the exterior of the steel tank. 
A plumber must be sure that the devices are in contact 
with the clean exterior shell of the tank and that there 
is not an air gap between the devices and the tank. 


The high-limit switch’s four terminals (posts) 
are identified by the manufacturer as 1 through 4 
(Fig. 16-2). One 120-volt wire (L1) is connected to 
post 1, and the other 120-volt wire (L2) is connected 
to post 3. If the high-limit device allows electricity 
to flow through, L1 is routed from posts 1 to 2. The 
manufacturer provides a metal jumper that connects 
post 2 of the high-limit device to post 1 of the upper 
thermostat. Post 4 of the high-limit device used in this 
chapter has two wires connected because there are 
two heating elements. The electrical current to post 4 
is provided from post 3. One of the post 4 wires is 
routed directly to the upper element, and the other 
is routed directly to the lower element. This provides 
constant electrical current to each element, but the 
elements cannot begin a heating cycle until the addi- 
tional 120 volts are provided from L1. The number 4 
post of the high-limit switch is often described as the 
element post because its only purpose is to provide 
120 volts of electricity directly to each element. 
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UPPER THERMOSTAT 


The temperature on each thermostat can be adjusted 
with a standard screwdriver. Most safety standards 
do not allow a plumber to set the temperature above 
120°F. The upper thermostat of a seven-pole design 
has three posts. These three posts combined with the 
four posts of the high-limit switch make the wiring 
configuration a seven-pole design (Fig. 16-2). The 
space where the number 3 post would normally be 
installed is left empty by the manufacturer. The up- 
per thermostat has a temperature setting that is ei- 
ther identified alphabetically from A through D or 
identified as warm, hot, and very hot. The alphabet- 
ical identification correlates to a specific water tem- 
perature as defined by the manufacturer in the user 
guide. The jumper from the high-limit switch pro- 
vides the voltage to the upper thermostat and only 
distributes the electricity of L1. If the upper thermo- 
stat senses that the water in the top of the tank is 
less than the set temperature, the voltage is routed 
to the upper element. At this point, both L1 and L2 
are energized in the same location, and 240 volts 
are applied to the upper element, which allows the 
heating cycle to begin. When the upper thermostat 
senses that the water is at the set temperature, the 
L1 voltage is routed to post 4 of the upper thermo- 
stat. A wire is routed from post 4 of the upper ther- 
mostat to post 1 of the lower thermostat. 


LOWER 
THERMOSTAT 


The lower thermostat has only two posts, num- 
bered 1 and 2. It also has a temperature setting 
feature like the one on the upper thermostat. 
L1 (120 volts) provides electricity to post 1 
of the lower thermostat from post 4 of the up- 
per thermostat (Fig. 16-3). If the lower thermo- 
stat senses that the water in the bottom portion 
of the tank is less than the desired temperature, 
L1 is transferred to post 2. A wire is connected 
from post 2 of the lower thermostat to the lower 
element. When post 2 is energized, the lower el- 
ement is fully energized with 240 volts, and the 
heating cycle occurs. When the lower thermostat 
senses that the water is at the set temperature, the 
voltage is removed from post 2 and remains ener- 
gized to post 1. As hot water exits the top of the 
water heater, cold water is routed to the bottom 
of the tank through the dip tube. The lower ther- 
mostat senses the cold water entering and again 
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120 VOLTS FROM CIRCUIT 
BREAKER PANEL (L1) ——* 


TERMINAL POST (SCREW) —>|W)! 


RESET BUTTON 

y 2 
JUMPER TRANSFERS 
ELECTRICITY 

L1 IS CONTROLLED BASED 


ON TEMPERATURE SETTING 


TEMPERATURE 
SETTING DIAL 


L1 TOGGLES FROM 2 TO 4 


UPPER a” 


LOWER THERMOSTAT 


L1 IS ROUTED BASED 
ON TEMPERATURE 
SETTING 


Le 
XR) 
TO LOWER ELEMENT 


x«— 120 VOLTS FROM CIRCUIT 
q BREAKER PANEL (L2) 


L1 AND L2 ARE CONTROLLED 
BY HIGH-LIMIT DEVICE 
NUMBER 4 POST 


NO NUMBER 3 POST 


TWO WIRES; 
ONE FOR EACH 
ELEMENT 


WIRES NOT 
CONNECTED 


FIGURE 16-2 A seven-pole, non-simultaneous configuration is commonly used 


for residential electric water heaters. 


routes the electricity to post 2, which energizes 
the lower element to begin heating the cold water. 
If more water is used than that the lower element 
can heat (recover), the upper thermostat senses 
that the water temperature in the top portion of 
the tank is lower than its set temperature. The 
upper thermostat then removes L1 voltage from 
post 4 of the upper thermostat and routes L1 to 
post 3, which energizes the upper element and be- 
gins a heating cycle. Figure 16-2 illustrates a typ- 
ical seven-pole non-simultaneous configuration 
like the one described here. Figure 16-3 shows a 
side view of the devices in a residential electric 
water heater. The thermostats are secured in place 
and held against the surface of the tank with a 
retainer clip. A plastic safety guard that must be 


placed back in the correct hole/slot after testing or 
replacing a thermostat or element is shown in this 
figure. The safety guard minimizes the possibility 
of electric shock. The lower thermostat and ele- 
ment have a smaller version of the plastic safety 
guard, but it is not illustrated in Figure 16-3. 


CAUTION 
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MOUNTING CLIP ————> Ea 

SURFACE MOUNTED AND 
MUST REMAIN IN CONTACT 
WITH STEEL TANK 


RESET BUTTON HOLE O 
PLASTIC SAFETY GUARD ——> 


PLASTIC SAFETY GUARD 


MOUNTING CLIP/POST ——>|, | Shee 
TEMPERATURE SETTING ) i 
OPENING e ~<— HIGH-LIMIT DEVICE 


RESET BUTTON 
COVERS ELEMENT POSTS 


JUMPER 


PLASTIC SAFETY GUARD 


HOLE OR SLOT f~<— TEMPERATURE SETTING DIAL 


THERMOSTAT RETAINER CLIP 


MALE THREADS SCREWED INTO 
FEMALE THREADS OF TANK 


ELEMENT SUBMERSED IN WATER 
<———— OUTSIDE OF STORAGE TANK 


THERMOSTAT HAS METAL CASING 


LOWER THERMOSTAT AND ~<— LOWER THERMOSTAT 
ELEMENT PROTECTED WITH 

A PLASTIC SAFETY GUARD THAT 
IS SIMILAR TO UPPER SAFETY 
GUARD, EXCEPT SMALLER 


FIGURE 16-3 Heating elements are submersed in the water of a storage tank, 
and thermostats and high-limit devices are surface mounted. 
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: | HEATING ELEMENTS _ 
from experience... HEATING ELEMENT 


A simultaneous configuration has more 
than one element heating at the same 
time and requires greater amperage pro- 
tection. Never wire a non-simultaneous 
water heater to perform as a simultane- 


ous type. 


Residential electric water heating elements are 
typically screwed in, but bolt-in types are used 
for some water heaters. They vary in length, but 
12” size is the most common. A rubber washer, 
similar to a 1-1/4” slip-joint washer used for 
a p-trap, is installed over the male threads of 
the heating element before threading the el- 
ement into the steel tank. The electrical and 
wattage rating of the element is indicated by the 
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ELEMENT FRONT VIEW 


USE SPECIALTY TOOL CALLED 
AN ELEMENT WRENCH OR 1-3/8" 
AUTO MECHANIC SOCKET WRENCH 


1-3/8" OR 1-1/2" 


ELEMENT SIDE VIEW 


Hs BUT 10" OR 12" ARE STANDARD ES 


SOME ELEMENTS ARE CURVED, BUT 
THE MOST COMMON ARE STRAIGHT 


IDENTIFICATION OF WATTS AND 
VOLT RATING LISTED ON SIDE 
D OF ELEMENT 

EXAMPLE: 4500 WATTS 240 VOLT 


py“ WIRE CONNECTS TO POST 
(SCREW) 


ELEMENT WRENCH 


INSERT SCREWDRIVER IN HOLE 
(HOLE ALSO ON OTHER SIDE) 


PLIERS CAN BE USED ON SIDE 


SOCKET IS PLACED OVER ELEMENT 


FIGURE 16-4 Heating elements are identified by their rating and capabilities and are 


removed with a socket tool. 
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from experience... 


Various element types and lengths are 
available. A plumber must be sure that 
the voltage and wattage rating of the 
element is correct before installing it. 
Refer to the manufacturer's operation 
and maintenance manual provided with 
the water heater to confirm that a differ- 
ent length and design of a replacement 
element is allowed by the warranty. 
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manufacturer on the element so that it can be 
identified from the exterior. Most screw-in wa- 
ter heater elements are removed with a 1-3/8” 
socket. A specialty tool is available for that pur- 
pose. Because the element is located within the 
outer shell of the water heater, it is difficult to 
remove it without using some type of socket 
tool. Figure 16-4 illustrates a typical element 
and a special socket tool. 


See Procedure 16-2 on pages 544-546 for step-by- 
step instructions for a screw-in element replace- 
ment procedure. 
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ELECTRICAL SOURCE 


Basic electrical knowledge is required to understand 
an electrical source. A plumber should never attempt 
a diagnosis or repair without extensive training and 
certification or licensing. As previously explained, 
a 240-volt water heater has two wires; each sup- 
plies 120 volts of electric current. A third wire—the 
ground wire—which is green or bare copper, is se- 
cured to the water heater with a dedicated screw 
provided by the manufacturer. Most codes require an 
electrician to connect the electric wiring to the wa- 
ter heater manufacturer’s wires in a dedicated area, 
typically on top of the heater. The electrical wiring is 
routed by an electrician from a circuit breaker panel 
directly to the water heater. The electrical wiring is 
typically dedicated to serve only a water heater and is 
known as a dedicated circuit. A circuit breaker panel 
is where a dedicated circuit is manually disconnected 
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(shut off) by the toggling of a circuit breaker. The cir- 
cuit breaker is either off or on and is self-explanatory. 
Warning tags or other specially designed lock-out 
accessories are required by OSHA, and their use is 
based on specific job sites or company standards. 
Always follow safety procedures. Figure 16-5 il- 
lustrates the basic wiring schematic from a circuit 
breaker panel to a residential 240-volt water heater. 
The amperage (amp) rating of a circuit breaker indi- 
cates the capabilities of that electrical circuit. 


from experience... 


The wire routed by an electrician is connected 
to the manufacturer wiring on top of the wa- 
ter heater with specially designed wire nuts. 


ote eereeeeeeesresee sees eesre see seeee * 


CIRCUIT BREAKER INDICATES 
THE AMPERAGE RATING 


Y 


PANEL 


GROUND 
120 VOLTS 


GROUND WIRE 


~<— GROUND ROD DRIVEN INTO EARTH 


WIRING BOX 


SERVICE ACCESS PANEL———— 


TOGGLE BACK AND FORTH 


CONNECTS TO 
WATER HEATER 


THIS IS OFTEN THREE WIRES ENCASED 
INTO A SINGLE WIRE SHEATHING. 


FROM CIRCUIT 
BREAKER PANEL 


FRONT OF HEATER 


FIGURE 16-5 A dedicated circuit provides electricity from a circuit breaker panel 


to an electric water heater. 
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ELECTRICAL TESTS _ 


A plumber must perform voltage and amperage 
tests while the electricity is energized (live), so ex- 
treme caution must be taken to avoid electrocution. 
A residential 240-volt, non-simultaneous electric 
water heater draws 18.75 amps when it is func- 
tioning properly. The formula that determines the 
amperage load of an element is the wattage rating 
divided by the voltage applied (W + V = A). The 
dedicated circuit wiring provides electricity only to 
the water heater and is served with an individual 
circuit breaker. Most circuit breakers serving a resi- 
dential non-simultaneous water heater have a mini- 
mum 30 amp ratings. The circuit breaker interrupts 


JAW OPENS WHEN TRIGGER IS DEPRESSED 


AMPERAGE TESTER ———- 


INFORMATION LISTED ON METER VARIES 
WITH EACH TYPE AND MANUFACTURER 


DEPRESS TRIGGER TO OPEN JAW me 


LEAD POINT ———>- 


TEST HANDLE 


LEAD PLUG 


SETTINGS 


VOLTAGE TESTER 


the electricity to the heater if a circuit overloads; 
that interruption is known as a tripped breaker. 


An electrician learns the theory of voltage and 
amperage, but for basic water heater troubleshoot- 
ing, a plumber needs to be more educated about 
safety and practical determination of a repair than 
theory. Amperage can be viewed as the flow of cur- 
rent, similar to the flow of water through a pipe, 
and the resistance caused by the flow is what in- 
creases the amperage load. When the resistance de- 
creases (fewer amps), the current increases (higher 
voltage). A plumber can check the number of amps 
with an amperage meter. An amperage meter that 
snaps around the wire (Fig. 16-6) can be used for 
water heater repair. The service panel on the front 


= 


SINGLE 
WIRE 


Ò 


SELECTOR KNOB 


VOLTAGE/CONTINUITY 


VOLTAGE/CONTINUITY TEST LEAD 
PLUG-IN CONNECTIONS 


FIGURE 16-6 A multi-purpose volt/amp test meter is used to check proper function of 


devices and elements. 
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of a water heater must be removed, but the circuit 
breaker must be in the off position before remov- 
ing the access panel. Once the access panel is re- 
moved, the circuit breaker can be toggled to the on 
position. The amperage meter must be set to the 
correct position for checking the amperage load. 
Voltage tests are performed with a different func- 
tion of a testing meter from amperage tests. The 
sequence of testing for 120 volts or 240 volts is 
based on knowing the correct operation of each 
device. Knowing where 240 volts must be ener- 
gized for a correct heating cycle based on tank 
temperatures allows a plumber to correctly diag- 
nose a problem. 


A continuity test can also be used to deter- 
mine whether an element is still intact. It is per- 
formed with the electricity shut off (disconnected) 
and all wires removed from the elements. The 
symbol for ohm (Q) on a testing meter indicates 
that the meter is being used for a continuity test. 


HIGH-LIMIT 
DEVICE 


TEST LEAD 


TO 
METER 


UPPER 
THERMOSTAT 


STEEL 
STORAGE TANK 


TOUCH 
STEEL 
TANK 
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The plumber then touches each testing lead to 
each post of an element. If the display window is 
digital, it should register to infinity or maximum 
numerical display (100, 1000, etc.) depending on 
the meter used. If a needle-type meter is used, the 
needle will move to the maximum reading possi- 
ble. The element does not have to be removed from 
the water heater to perform the continuity test. 
A plumber must never use the testing meter to 
test voltage when the selector knob is in the 
continuity test mode. Most test meters have an 
internal fuse that protects it from voltage ap- 
plied while set in the continuity test mode, but 
permanent damage to the meter can result with 
improper use. A multi-purpose electrical testing 
meter is useful for testing voltage, amperage, and 
continuity. Figure 16-6 shows a multi-purpose 
meter that snaps around a wire that is energized 
with electricity. It has test leads to check for volt- 
age and continuity. Figure 16-7 illustrates the 


TEST LEAD 


TO METER 


FIGURE 16-7 Testing a high-limit, thermostat, or element for volt- 
age is performed with test leads touching specific terminal posts 
and knowing correct settings to use on a voltage meter. 
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placement of testing leads to test voltage in spe- lists some common residential electric water 
cific areas of an electric water heater. Table 16-1 heater problems and solutions. Refer to a manu- 
lists the test reading based on a residential seven- facturer troubleshooting guide for specific infor- 
pole non-simultaneous water heater. Table 16-2 mation about a particular water heater. 


TABLE 16-1 240-Volt, Non-Simultaneous Water Heater Readings at Each Terminal Post of Each Device 
and Element 


CAUTION: Make sure that the meter is set to a minimum 300-volt setting. Never attempt an electrical test 
without being qualified to perform such a test. Misuse of electricity can result in personal injury or death. 


e Upper T = Upper thermostat 
e Lower T = Lower thermostat 
e HL = High-limit device 


Device Lead Black Lead Red Reading Notes 

All Any post Steel tank 120 volts Touch red lead to steel tank 

All Steel tank Any post 120 volts Touch black lead to steel tank 

High limit # 1 Post # 3 Post 240 volts Power is correct from breaker 

High limit # 2 Post # 4 Post 240 volts Power is through reset button 
Upper T/HL # 1 #4 240 volts At least one element is fully energized 
Upper T/HL #2 #4 240 volts Upper element is fully energized 
Upper T/HL #2 #4 120 volts Upper element is not fully energized 
Upper T/HL #4 #4 240 volts Lower element is fully energized 
Lower T/HL #1 #4 240 volts Lower element is fully energized 
Lower T/HL #1 #4 120 volts Lower element is not fully energized 
Lower T/HL #2 #4 240 volts Lower element is fully energized 
Lower T/HL #2 #4 120 volts Lower element is not fully energized 


TABLE 16-2 Electric Water Heater Troubleshooting Chart 

CAUTION: This list does not include every possible problem or solution that could be present, but is a general 
listing of common occurrences and solutions. Always refer to the manufacturer's troubleshooting guide for 
a particular water heater. 


Problem Possible Cause Possible Solution 

No hot water No electricity from source Check power source 

No hot water Electrical problems with thermostats Replace thermostats 

No hot water Failed heating element(s) Replace element(s) 

Little hot water Dip tube failure Inspect dip tube 

Little hot water Lower element failure Replace lower element 

Little hot water Thermostat(s) failure Replace thermostat(s) 

Water too hot Thermostat(s) failure Replace thermostat(s) 

Reset button tripped Water too hot Replace thermostat(s) 

Rotten egg smell of water Anode rod Inspect and contact manufacturer 


Popping noise when heating Scale build-up on element(s) Replace element(s) 
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CAUTION 
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from experience... 


A continuity test is safer than other tests 
for making sure that an element is intact, 
because voltage is not applied. A continu- 
ity test is not as reliable as an amperage 
test for determining if an element is oper- 
ating correctly. 
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GAS WATER 
HEATERS 


Various types of gas water heaters are used in 
the residential industry, several of which were 
explained in Chapter 8. A plumber must review 
manufacturer information concerning diagno- 
sis and repair. A gas regulator that controls the 
gas flow to a burner assembly has several impor- 
tant operating features. Most codes do not allow 
a plumber to disassemble a gas regulator; most 
have security screws that require a special tool to 
remove the cover. A residential plumber involved 
with new installations typically replaces a mal- 
functioning gas water heater rather than perform 
extensive repairs if it is covered by a manufac- 
turer warranty. 
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This chapter focuses on the basic operation of 
a gas regulator and not on a specific type. Ther- 
mocouple and gas regulator replacements are 
common repairs that could be performed instead 
of replacing a water heater. Gas water heaters 
with a power vent or electronic ignition require 
electricity, but conventional draft and direct-vent 
types do not. A heater having electronic ignition 
does not have a pilot flame; it is ignited much like 
a gas barbeque grill, except the process is auto- 
mated. Water heater technology has advanced and 
continues to adapt to current trends and regula- 
tions. To prevent an explosion, burner assemblies 
must be protected against fumes entering from the 
atmosphere. For example, gasoline emits flam- 
mable vapors, and it should not be stored near 
the water heater. A plumber must replace the 
burner assembly access cover gasket or other seal- 
ing components properly after servicing a burner 
assembly. Figure 16-8 illustrates the basic gas 
flow through a gas regulator using a pilot, and 
Figure 16-9 shows a thermocouple detail view in 
relation to a pilot tube and burner assembly. The 
spring-operated plunger of a gas regulator is held 
in the open position, allowing gas to flow through 
the regulator when the thermocouple senses that a 
pilot flame is present. If the pilot flame does not 
stay lit, the thermocouple or regulator could be 
defective. Venting problems could also cause the 
pilot to be extinguished. Table 16-3 lists some 
common troubleshooting items for a convention- 
ally vented gas water heater. 
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from experience... 


Natural gas and propane require differ- 
ent regulator orifices. A plumber must en- 
sure that the correct regulator is installed 
based on the gas type. 
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See Procedure 16-3 on pages 547-548 for a step- 
by-step thermocouple replacement procedure. 


See Procedure 16-4 on pages 549-550 for a step- 
by-step gas regulator replacement procedure. 
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CAUTION: THIS ILLUSTRATION IS NOT AN EXACT REPLICA OF A GAS REGULATOR AND IS ONLY INTENDED TO 
ILLUSTRATE THE BASIC OPERATING FEATURES IN RELATION TO A THERMOCOUPLE. 


DEPRESS BUTTON TO 
ALLOW GAS TO BYPASS 


ON/OFF/PILOT GAS FILTER CHAMBER 


HANDLE 


BUTTON EXTENSION POST 


GAS FLOW TO PILOT AND 
BURNER PORT 


GAS TO BURNER PORT 
PIPE NIPPLE 
GAS ENTERS PORT AND BURNER 
TUBE IF THE WATER TEMPERATURE 
IS LESS THAN THE DESIRED 
TEMPERATURE 


GAS 


SPRING OPERATED PLUNGER 
IS CLOSED WHEN NO PILOT 
FLAME OR DEFECTIVE 
THERMOCOUPLE 


TWO TEMPERATURE 
SENSING WIRES TO 
IMMERSED PROBES 


THERMOCOUPLE END a 


SECURING NUT 
(MALE THREADS) 


TEMPERATURE SETTING DIAL 
ASSEMBLY HOUSING 


PILOT TUBE GAS SUPPLY 


BURNER TUBE PILOT TUBE CONNECTION (FEMALE) 
CONNECTION (FEMALE) LOCATED IN BURNER 


COPPER CONDUIT HOUSES ASSEMBLY AREA 
INNER SENSING CONDUCTOR 


<—— LENGTH VARIES (TYPICALLY 24") 


FLAME SENSING BULB 


FIGURE 16-8 Many residential gas water heaters are manually ignited per manufacturer 
instructions. A pilot button is essentially a safety by-pass for the gas regulator. 


BURNER 


| 


~<— FLAME IS HERE 
RETAINER CLIP 


ATTACHED TO 
BURNER ASSEMBLY 


FRONT OF HEATER ———> 


TYPICALLY 1/4" FLAME-SENSING BULB 


ALUMINUM PILOT TUBE 
FROM GAS PULL THERMOCOUPLE 
REGULATOR OUTWARD TO REMOVE 


THERMOCOUPLE 


FIGURE 16-9 A thermocouple is replaceable and typically secured in place with a 
retainer clip for easy removal. 
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TABLE 16-3 Gas Water Heater Troubleshooting Chart 


CAUTION: This is only a general listing and does not represent every possible problem or solution that could 
be present in a basic water heater. Always refer to the manufacturer troubleshooting guide for a particular 
water heater. 


Problem 

No gas flow to pilot 
No gas flow to pilot 
No gas flow to pilot 
No gas flow to pilot 
No gas flow to pilot 
No pilot flame 

No pilot flame 

No pilot flame 

No pilot flame 

No gas flow to burner 
No gas flow to burner 
No gas flow to burner 
No gas flow to burner 
No gas flow to burner 
Relief valve leaking 
Relief valve leaking 
Relief valve leaking 
Relief valve leaking 
Low water temperature 
Low water temperature 
Low water temperature 
Slow recovery 

Slow recovery 

Slow recovery 

Slow recovery 

Not enough hot water 
Not enough hot water 
Popping/banging noise 
Popping/banging noise 
Banging noise 
Banging noise 

Fume odor 

Fume odor 


Gas odor 


Possible Cause 


No gas from meter 

No gas from regulator 
Faulty regulator 

Crimped pilot tube 

Leak in pilot tube 

No gas flow from regulator 
Defective thermocouple 
Air in gas piping 
Defective regulator 
Defective regulator 
Crimped burner tube 
Blockage in burner tube 
Water is too hot 
Defective high-limit device 
Water is too hot 
Defective relief valve 
Excessive pressure 
Excessive pressure 
Thermostat set too low 
Dip tube failure 
Defective thermostat 
Sediment in tank 

Dirty burner assembly 
Poor flame 

Poor flame 

Improper-size heater 

See low temperature/slow recovery 
Calcium build-up 
Sediment build-up 

Check valve slamming 
Solenoid to equipment 
Poor draft on flue system 
Poor draft on flue system 


Leak on piping system 


Possible Solution 
Turned off at meter 
Debris in regulator 
Replace regulator 
Repair or replace tube 
Replace tube 

See prior topics 
Replace thermocouple 
Purge air from piping 
Replace regulator 
Replace regulator 
Repair or replace tube 
Remove and clean 
Run water to cool tank 
Replace device 

Run water to cool tank 
Replace relief valve 
Install expansion tank 
Check PRV to system 
Adjust temperature 
Inspect and replace 
Replace thermostat 
Drain and flush tank 
Clean burner 

Adjust burner air 
Need combustion air 
Calculate demand 

See low temperature/slow recovery 
Drain and flush tank 
Drain and flush tank 
Install shock absorber 
Install shock absorber 
Flue pipe installation 
Termination location 


Soap all piping joints 
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TABLE 16-3 Continued 


Problem Possible Cause 

Soot build-up Poor draft on flue system 
Soot build-up Poor draft on flue system 
Soot build-up Poor combustion air 
Soot build-up Poor burner flame 


Flame back flash 


Negative air pressure 


Possible Solution 

See fume odor information 
Install draft hood fan 
Install air-supply ducts 
Clean and adjust burner 


Isolate heater air 


WELL PUMPS 


Many pump installations are performed by a li- 
censed well contractor instead of a plumber. The 
two basic types of well pumps are above ground 
and submersible, and variations of each are avail- 
able. A plumber must refer to the manufactur- 
er’s troubleshooting guide for a particular pump. 
Because a pump is operated with electricity, a 
plumber must take extreme caution when working 
around a pump that is energized with electricity. 
The multi-purpose volt/amp meter illustrated in 
Figure 16-6 can also be used to check the voltage 
and amperage of an electrical system that operates 
a pump. Information about well pump connections 
and water service piping was found in Chapter 11. 


The well pump system design varies depend- 
ing on the region of the United States, the job-site 
conditions, and the preference of the contractor. 
A submersible pump must be manually removed 
from a well for replacement. The wiring is routed 
along the side of the drop pipe in the well. An above- 
ground pump is usually located in the house or in a 
dedicated pump house. 


The operating control used for both pump 
designs is called a pressure switch. A pressure 
switch provides electricity to a pump motor 
when the pressure in a piping system drops be- 
low the low set pressure and disconnects the elec- 
trical source when it reaches the high set pressure. 
The most common pressure switches in residential 
applications have a 20 psi differential. A 20/40 psi 
is the most common, but 30/50 and 40/60 psi types 
are also used. The adjustment features and elec- 
trical requirements are based on the pressure 
switch and pump installed. Some above-ground 
pumps have a built-in tank design, and on some, 
the pressure switch is located on the pump and 
installed at the factory. An expansion/storage 


tank is used if one is not built in. The most com- 
mon design is similar to a water heater expan- 
sion tank; however, this type stores water for 
use as opposed to simply accommodating the in- 
crease in system pressure (expansion). If a well 
pump system does not have a tank, or if the tank 
has lost its air storage, the pressure switch will 
function rapidly, indicating a problem with the 
tank. An optional specialty fitting known as a 
tank tee can be installed to situate the pressure 
switch, pressure gauge, and pressure-relief valve 
in a central location near the tank. An above- 
ground pump has a foot valve located in the well 
and is connected to the end of the drop pipe. 
A foot valve is a check valve fitting that ensures 
that the water in the piping system does not 
drain back into the well through the drop pipe. 
If an above-ground pump does not produce any 
water, the foot valve might have failed or might 
be lodged in the open position from debris, rock, 
or sand. A well casing must be sealed with either 
a plug or a cap. Some designs in which piping en- 
ters the top of the well casing usually have plugs; 
designs with a pitless adapter typically use a cap 
to seal the well casing. Both the caps and the plugs 
must have designated areas for the wiring to enter 
the well, so it is protected against damage. Fig- 
ure 16-10 illustrates several pump designs used 
for residential applications. Figure 16-11 shows 
a typical pressure switch, and Figure 16-12 
illustrates the electrical transfer feature of a 
pressure switch. Figure 16-13 shows an expan- 
sion/storage tank that can be used for any well 
pump that does not have a self-contained tank. 
Figure 16-14 shows various tank tees. Figure 
16-15 shows numerous well casing plugs and 
caps. Figure 16-16 illustrates two different foot 
valve designs exposing the internal components. 
Table 16-4 lists common troubleshooting causes 
and solutions. 
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Courtesy of Goulds Pumps. 
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SECTION 


SUBMERSIBLE PUMP 


(D) 


FIGURE 16-10 A submersible and an above-ground pump are two types often used for residential 


installations. 
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SECURING 

NUT 
REMOVABLE | 
COVER 


Y 


ELECTRICAL WIRING 
ENTERS AND EXITS 
ON SIDES ‘ 


3/8" PIPE NIPPLE 
CONNECTS HERE 


Courtesy of Simmons Manufacturing Company. 
E) 
FIGURE 16-11 A pressure switch controls the 


on-and-off cycle of a pump by sensing the pressure 
within a piping system. 


PLAN VIEW 


SOME TYPES HAVE TWO ADJUSTMENT POSTS 
TO ADJUST THE CUT-IN AND CUT-OUT PRESSURE 


+<——— PRESSURE SWITCH 


CONTACTS 


COLOR CODE 
VARIES 


OPEN CONTACT DOES NOT ALLOW 
ELECTRICITY TO ENERGIZE PUMP 


120 VOLTS 

POWER 

SOURCE —> ELECTRICITY 
GROUND TO PUMP 


WIRE 


GREEN IS A DESIGNATED 
COLOR FOR GROUND WIRE 


FIGURE 16-12 A pressure switch provides electricity to and disconnects it from a pump. 
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AIR INLET FITTING 
TO RECHARGE TANK 


AIR 


INTERNAL BLADDER REACTS TO 


INCOMING OR OUTGOING WATER 
PRESSURE SWITCH 


WATER 
TO HOUSE 


INTERNAL PIPING Ta «<— FROM PUMP 


90° FITTING PROVIDED 
BY MANUFACTURER 


FIGURE 16-13 An expansion tank, also called a storage tank, receives incoming 
water from the pump and discharges water as required between pumping cycles. 


Courtesy of Simmons Manufacturing Company. 


CE] 
FIGURE 16-14 A tank tee is an optional acces- 
sory that eliminates the need for multiple fittings for 
various items such as a pressure switch, pressure- 
relief valve, and pressure gauge. 

E as 
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(B) 


(A) 


(D) 


(E) 


(F) 


Courtesy of Simmons Manufacturing Company. 


FIGURE 16-15 A well casing is either plugged or capped depending on the well pump system 
design. Some plugs have a designated eyelet to affix the rope to the pump, and all have an area for 
wiring to enter the well casing. 


: from experience... } 


A plumber involved with pump installa- : 
> tions and repairs sees a variety of designs: 
on a job site. He or she should focus on 4 


: the components that are similar regard- , 
-less of the system design and their basic 
- relation to each installation. : 
Courtesy of Simmons Manufacturing Company. r eeeeeveeveeeeeeeeeeeee eee eee eee ee ee i 
A "|. 7 
FIGURE 16-16 A foot valve installed at the bottom ` See Procedure 16-5 on pages 551-553 for a pres- 
of the drop pipe serves as a check valve to ensure sure switch replacement procedure. 


that the water does not drain back into the well. It has 
a screen to prevent debris from entering the system. 
COCOON] expansion/storage tank replacement procedure. 
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See Procedure 16-6 on pages 554-556 for an 


CHAPTER 16 


TABLE 16-4 WELL PUMP TROUBLESHOOTING CHART 


CAUTION: This general listing does not include every problem or solution that could be present. Always 
refer to a manufacturer troubleshooting guide for a particular well pump. 
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Problem 


Motor will not start 


Motor will not start 


Motor will not start 
Motor will not start 
Motor will not start 


Motor will not start 


Motor will not start 


Motor will not start 


Motor will not start 
Motor will not start 
Motor will not start 
Motor starts often 
Motor starts often 
Motor starts often 
Motor starts often 


Motor starts often (Bladder- 
type tank) 


Motor starts often 
(Bladderless tank) 
Overload is tripped 
Overload is tripped 


Overload is tripped 


Overload is tripped 


Overload is tripped 


Possible Cause 


Circuit breaker is tripped or 
faulty fuse 


Incorrect voltage 


Damaged wiring 
Faulty motor 


Poor alignment between 
motor and impeller 


Faulty pressure switch 


Faulty pressure switch 


Plugged pressure switch nipple 


Faulty control box 
(if applicable) 


Obstruction in impeller 
housing 


Overload is tripped 
Leak in piping system 


Foot valve or check valve not 
closing properly 


Pressure switch setting is 
incorrect 


Faulty pressure switch 


Tank is water logged 
Tank is water logged 


Control box is defective 
(if applicable) 


Voltage is incorrect 


Control box is overheated 
(if applicable) 


Control box is overheated 
(if applicable) 


Motor is defective 


Possible Solution 


Check circuit breaker; check fuse 


Check voltage; call service provider 


Inspect all wire insulation and terminal 
connections 


Check for high amperage; replace 
motor 


Check for high amperage; align motor 
with impeller 


Check for corrosion; clean contacts 


Check for voltage transfer between 
terminals 


Remove, inspect, clean, or replace nipple 


Check for voltage transfer between 
terminals 


Inspect for sand or debris; check for 
high amperage 


See manufacturer troubleshooting 
information 


Inspect visible piping first; test buried 
or well piping 


Inspect for obstruction or worn seat 
or disk 


Check pressures at the pump and on/ 
off differential 


Replace pressure switch 


Depress air inlet valve, inspect for 
water in tank 


Drain tank 


Check voltage transfer between 
terminals; replace box 


Check voltage supply; contact 
electrical supply provider 


Install in a shaded or partially sunny 
area 


Install in an area away from heated 
area 


Check amperage; replace motor if 
required 
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TABLE 16-4 Continued 


Problem 


Overload is tripped 


Overload is tripped 
Overload is tripped 


Motor always runs 
Motor always runs 
Motor always runs 
Motor always runs 
Motor always runs 
Motor always runs 


Motor always runs 
(Submersible pump) 


Motor always runs (Above- 
ground pump) 


Motor always runs 
Motor always runs 
Motor always runs 
Motor always runs 


Circuit trips or fuse blows on 
start-up 


Circuit trips or fuse blows on 
start-up 


Circuit trips or fuse blows on 
start-up 


Circuit trips or fuse blows on 
start-up 


Circuit trips or fuse blows on 
start-up 


Circuit trips or fuse blows on 
start-up 


Troubleshooting 


Possible Cause 


Defective wiring 


Pump is wired incorrectly 


Motor is in an area not 
properly ventilated 


No water flow due to sand or 
obstruction 


No or low water flow due to 
loose 


No water flow due to broken 
shaft 

Leak in piping system 
Malfunctioning control box 
(if applicable) 

Pressure switch is defective 
Intake screen is plugged 
Foot valve screen is plugged 
Low well water level 

Low well water level 

Well has collapsed 

Well has collapsed 
Obstructed impeller from 
sand or debris 

Defective wiring 

Wiring is grounded to casing 


Motor winding is defective 


Defective capacitor (three- 
wire-type pump) 


Defective relay coil (three- 
wire-type pump) 


Possible Solution 


Inspect all wiring and terminal 
connections 


Review wiring diagram 


Provide adequate ventilation to motor 


Inspect check valve to verify that it is 
opening 


Check impeller connection to shaft 
connection 


Inspect shaft 


Inspect visible piping, and test all 
hidden piping 


Test voltage transfer between 
terminals 


Inspect points to see if they are 
“welded” together 


Pull pump and inspect screen 
Pull drop pipe and inspect screen 


Pull pump and/or piping. Check water 
level and depth 


Pump is oversized for well capacity or 
yield 


Attempt to free pump or piping from 
collapsed soil 


Have well cleaned and lined or drill 
new well 


Inspect impeller for obstruction 
Inspect wiring 


Perform ohm test on well casing and 
wiring 


Perform ohm test on winding 


Locate in control box, and perform 
ohm test 


Locate in control box, and perform 
ohm test 
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TABLE 16-4 Continued 


Problem Possible Cause 


Circuit trips or fuse blows on 


start-up (if applicable) 


Circuit trips or fuse blows on 
start-up 


Control box is overheated 


Voltage supply is incorrect 


Plumbing Repairs and Troubleshooting 539 


Possible Solution 


Locate in shaded area or away from 
heat 


Perform voltage test. Call electrical 
service provider 


TOILETS 


Two-piece toilets are usually installed in residential 
homes, but custom installations might have a one- 
piece toilet. Both types have toilet tanks that store 
water used for flushing the waste and water from 
the fixture. Siphon jet is the most common kind of 
flushing action. A typical water-saver toilet tank 
holds 1.6 gallons per flushing cycle. The fill valve, 
also called a ballcock, controls the water level in the 
tank. Two basic types of fill valves are available— 
a ball float and a float that rides vertically along 
a shaft. An approved fill valve has an anti-siphon 
feature that most codes dictate must be installed 
at least 1” above the top of the overflow/fill tube. 
An overflow/fill tube is part of a device known as a 
flush valve, which prevents water in the tank from 
overflowing if the fill valve malfunctions. The over- 
flow/fill tube also provides a route through which 
water from the fill valve can flow to replenish the 
trap seal in the toilet bowl after each flushing cycle 
(see Fig. 16-19). 


When activated, a toilet tank handle, typically 
installed on the left side of the tank, raises an ac- 
cessory known as a tank flapper. A chain connects 
the tank flapper to the tank handle. The flapper 
rests on the compatible seat of the flush valve, cre- 
ating a seal so that water does not leak into the 
bowl during periods of non-use. There are various 
kinds of fill valves, tank flappers, and tank han- 
dles. Many are compatible with most toilet designs, 
but some are specific to a particular toilet design. 
The water enters the toilet bowl through the rim 
and is distributed into the bowl area through rim 
holes. A siphon-jet toilet has angled rim holes to 
create a swirl (vortex) and an additional hole be- 
low the water level that acts as a jet to initiate the 
discharge from the toilet bowl. If a toilet does not 
flush completely, a plumber should suspect that an 
obstruction is present in the rim or holes that is 
jeopardizing the flushing cycle. The holes can often 


be cleaned with a thin metal rod or the end of a 
clothes hanger. 


A defective tank flapper can cause water to slowly 
enter the toilet bowl during a non-use period. One way 
to check the flapper is to isolate the water supply to the 
tank and return after a short period of time to visually 
check whether the water level has lowered (dropped). 
Another method is to add some food coloring to the 
tank water and see if the water in the bowl becomes 
colored. A slight crack in the overflow/fill tube can 
cause the same symptoms as a defective tank flapper. 
The seat of the flush valve that mates with the under- 
side of the tank flapper can also have a defect, such as 
a gouge or nick, that does not allow the flapper to seal 
properly. If a leak occurs during a flushing cycle 
at the point where the tank and toilet bowl connect, 
the close-couple gasket is defective. A leak between 
the tank and the bowl connection when a flushing cy- 
cle is not occurring can indicate that the tank bolts 
are not tight, the tank bolt washers are deteriorated 
or defective, the flush valve rubber gasket is defective, 
the flush valve is not properly tightened, or there is a 
crack in the tank. A leak around the base of the toi- 
let where it rests on the floor is caused by either a 
wax seal leak or a crack in the bowl. Replacing a toilet 
handle is a simple process. The threaded portion has 
left-hand threads, which means that a clockwise rota- 
tion is needed to loosen the securing nut. Figure 16-17 
illustrates the relationship among the components 
housed in a toilet tank. Figure 16-18 illustrates a pop- 
ular ballcock (fill valve) design with unique features 
for adjusting the water level in a tank. Figure 16-19 
illustrates a typical flush valve assembly installed in a 
toilet tank. 


See Procedure 16-7 on pages 557-558 for a step- 
by-step ballcock replacement procedure. 


See Procedure 16-8 on pages 559-561 for step-by- 
step instructions for flush valve replacement. 
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ANTI-SIPHON DEVICE MUST BE 
ABOVE OVERFLOW/FILL TUBE 


FILL TUBING 


TANK HANDLE 


FLOAT 


FILL VALVE 


FLAPPER MATES 
WITH FLUSH VALVE 
R] 


FIGURE 16-17 A toilet tank holds water for flushing the toilet and 
houses a fill valve, flush valve, flapper, and toilet handle. 


RUBBER SEAL LOCATED UNDER CAP 


IS REPLACEABLE -— ANTI-SIPHON FEATURE 


FILL TUBING SLIDES 
OVER WATER OUTLET 


ADJUSTMENT ROD ——>- 


FILL TUBING IS ROUTED TO 


ADJUSTNENTCÚR E FLOAT OVERFLOW/FILL TUBE 
I 
LOCK NUT FOR THIS ———>| 
TYPE ILLUSTRATED 
DESIGNATED TANK HOLE RUBBER GASKET 
TOILET TANK 


SECURING NUT 


TANK SUPPLY CONNECTS HERE 
(a ee 


FIGURE 16-18 Various ballcock designs are available to regulate the water level 
in a toilet tank. 
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from experience... 


The toilet tank must be removed from the 
bowl to replace the flush valve and close- 
couple gasket. The fill valve, flapper, and 
tank handle can all be replaced with the 
tank on the bowl. 


e Fixtures and devices have manufacturer war- 
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FROM FILL VALVE 
(BALLCOCk) 


SOME FILL VALVES HAVE FILL TUBING 


TO OVERFLOW/FILL TUBE ————__—_> OF OVERFLOW/FILL TUBE 


WATER ENTERS THE OVERFLOW/FILL 
TUBE AND ENTERS THE RIM OF THE 
TOILET BOWL > 


<— LIFT CHAIN CONNECTS 
TO TOILET TANK HANDLE 


<— TANK FLAPPER 
FLAPPER ATTACHES 


TO POST (EARS) 
FLAPPER SEAT 


BOTTOM OF TOILET TANK —> 
<— MALE THREADS 


SECURING NUT 


WATER FLOWS TO TOILET BOWL 


FIGURE 16-19 A flush valve has an overflow/fill tube. It is where the flapper rests 
to seal the water in the tank and is the passageway for the water exiting the toilet 
tank. 


shooting gas and electric water heaters. 


troubleshoot an electric water heater. 


fore igniting the gas supply. 


541 


e Some states or general contractors dictate the 
minimum warranty period of an installation. 


e Qualified individuals must perform trouble- 
Basic electrical knowledge is necessary to safely 
e An electric water heater storage tank must be 


filled with water before applying electricity. 


f e A gas water heater must be filled with water be- 


e A plumber must have an electrical voltage/amper- 


age meter to troubleshoot an electric water heater. 


e A qualified individual must perform trouble- 


shooting well pumps. 


ranties that vary depending on the item. e A well pump pressure switch controls the on/off 


e A plumber typically responds to repair prob- 


function of a well pump. 


lems even though the manufacturer provides e Refer to manufacturer information to assist in 
the warranty. repair diagnosis. 
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Water Heater Draining 


For electric water heaters, 
disconnect (shut off) the 
electricity via a circuit 
breaker or other means 
relevant to the particular 
job site. For gas water 
heaters, shut off the gas 
cock or other isolation 
valve serving the water 
heater. Turn off the cold 
water isolation valve 
serving the water heater. 
Open the hot water side of 
several faucets in the house 
to relieve the pressure from 
the piping system. 


O Attach a garden hose 
to the boiler drain on 


the bottom of the water 
heater. Make sure that the 
hose is routed to a safe 
location and that the water 
draining from the hose 
will not cause a hazard 

or damage. Open the 
boiler drain to allow all or 
part of the water to drain 
from the tank. If you are 
replacing a temperature- 
and pressure-relief valve, 
only the top 6” need to 

be drained. If you are 
replacing the top element 
of an electric water heater, 
only the top one-third of 
the tank must be drained. 
If you are replacing the 
lower element of an 
electric water heater or 
the gas regulator of a gas 
water heater, the entire 
tank must be drained. 
Specialty pumps can be 
purchased to expedite the 


Troubleshooting 


OPEN SEVERAL HOT 
WATER FAUCETS 


SHUT OFF ELECTRICAL 
SUPPLY FOR ELECTRIC 
WATER HEATERS 


~<— SHUT OFF COLD 
WATER SUPPLY 


EKn RELIEF VALVE 


SHUT OFF GAS SUPPLY 
FOR GAS HEATERS —> 


BOILER DRAIN 


WATER FROM HOT WATER PIPING SYSTEM DRAINS 
~<— BACK INTO TANK AND BREAKS A VACUUM 
TO ALLOW THE HEATER TO DRAIN BY GRAVITY 


DISCHARGE PIPE MUST BE TERMINATED 
IN SAFE LOCATION TO BE USED FOR 
-—— DRAINING PROCESS 


OPEN BOILER DRAIN AFTER HOSE 
IS CONNECTED 


<— CONNECT HOSE TO BOILER DRAIN 


ROUTE HOSE 
TO SAFE 
LOCATION 


draining process, but a 
typical residential water 
heater should drain in 
10 to 15 minutes. 


After completing a repair, 
close all opened hot water 
faucets and turn on the 

hot water faucet of the 
bathtub, so the air will be 
allowed to escape when 
you turn on the water 
supply to the water heater. 
Avoid using a faucet with 
an aerator or other straining 
capabilities, so any debris in 
the water heater does not 
obstruct the faucet. Turn 
off the boiler drain, and 
slowly turn on the isolation 
valve to the water heater. 
Allow the air in the tank to 
escape through the piping 
system. When water is 
flowing from the open hot 
water faucet, shut it off and 
turn on the electricity or gas 
supply to the water heater. 
If it is a gas water heater, 
ignite the pilot and turn 

on the gas to the burner 
assembly. 
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© e Close faucets 


e Open tub faucet or other fixture that does not have an aerator 
e Turn off boiler drain 

e Slowly open cold water valve 

e Allow air to escape from faucet 

e Close faucet 

e Turn on electricity or gas 

e If gas type, ignite pilot 

e Ensure repairs were successful 
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PROCEDURE 16-2 


screw-In Element Replacement 


Your local code might A) 
require that the electrical 
portion of this procedure 
be performed by a 
licensed electrician. This 
procedure refers to an 
upper element. The same 
procedure is followed for 
the lower element except 
that the entire water 
heater must be drained to 
replace the lower element. 
Disconnect (shut off) the 
electricity by shutting off 
the circuit breaker or using 
other means. Remove 

the access panel on the 
side of the water heater 
using an appropriate 
screwdriver with a rubber- 
coated handle. Approach 
the process as if the 
electricity is still energized 
in case it was improperly 
disconnected. Using a 

pair of needle-nosed 

pliers with a protective 
handle coating, remove 
any insulation and expose 
the plastic safety guard 
covering the thermostat 
and element (do not grasp 
insulation or plastic safety 
guard with your hands). 
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© Using a voltage meter O 

similar to the one shown 
in Figure 16-6, test by 
touching the meter 
that leads to posts 1 
and 3 of the high-limit 
switch to make sure that 
the voltage has been 
correctly disconnected. 
Drain the water heater as 
described in the previous 
procedure. Loosen both 
terminal screws from the 
element, and remove the 
wires from the element. 
Using the element 
socket tool or another 
tool of choice, loosen 
the element by turning 
it counterclockwise. 
Remove the element 
from the water heater 
slowly, making sure 
that the water has been 
successfully drained from 
the heater. 


© Install a rubber washer 
over the screw-in element 

threads. Insert the element 
into the tank and tighten 
it with an element tool 
or other socket-type tool. 
Do not over-tighten, or 
the rubber washer may be 
damaged. 
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Turn off boiler drain, turn 
water supply on, and fill 
tank. Check for leaks and 
ensure that the rubber 
gasket is sealing the 
connection with the tank. 
If no leaks are present, 
connect both wires to the 
element. Install the plastic 
safety guard, and place 
the insulation over it. 
Replace the access panel 
on the side of the water 
heater. Turn the electricity 
back on. You should have 
warm water within 

20 minutes if no water is 
used during the heating 
cycle. 
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Your local code might 
require that this procedure 
be performed by a 
licensed gas contractor. 
The actual procedure 
depends on the specific 
gas water heater burner 
assembly that is used. 
Refer to the manufacturer 
instructions for your 
heater. The gas supply 
does not have to be 
isolated for this procedure, 
because no gas can pass 
through a regulator if 

the thermocouple is not 
sensing a pilot flame. If 
your company standards 
require the gas cock or 
another isolation valve to 
be in the off position, do 
so at this time. Remove 
the burner assembly 
access panel. If the panel 
has a gasket sealing the 
combustion under the 
access panel, pay close 
attention not to damage it. 


Loosen the thermocouple 
securing nut from the gas 
regulator, and remove that 
end of the thermocouple 
from the regulator. 
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This step often requires 

a plumber to lie down 

on the floor. Removing 
thermocouples from some 
water heater designs is 
more difficult from others. 
Using a pair of needle- 
nosed pliers or other 
compact pliers, grasp 

the flame-sensing bulb, 
not the copper extension 
from the regulator. Pull 
the thermocouple flame- 
sensing bulb downward 
(outward), which will 
remove it from the 
retainer clip. Now reverse 
the previous steps. If the 
access panel gasket is 
required to seal the burner 
assembly area, make sure 
that it is intact and in 
excellent condition. If the 
gas supply was turned off, 


turn it back on. Ignite the 

pilot and burner assembly 

according to manufacturer 
instructions. The process is 
now complete. 
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Gas Regulator Replacement 


A) Turn off the gas supply A) 

from the gas cock or 
other isolation valve, and 
make sure that the pilot 
light and gas burner are 
not ignited. Drain the 
water heater completely 
as described previously. 
Loosen slightly the 
pipe connection that is 
supplying gas to the 
regulator to make sure 
that the gas supply 
is properly isolated. 
Disconnect the pipe from 
the regulator. Remove 
the thermocouple, 
burner tube, and pilot 
tube by loosening their 
securing nuts from the 
regulator. After the water 
heater is completely 
drained, remove the 
regulator from the water 
heater by rotating it 
counterclockwise with 
a pipe wrench or other 
grasping tool. Pull the 
regulator out of the tank. 


B) Apply pipe dope or Teflon 
tape to the male threads 


of the regulator. 
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O Insert the regulator into @ 

the water heater and 
hand-tighten. Use a 
pipe wrench or other 
grasping tool to tighten 
the regulator, so it is level 
and in the correct position 
to connect all devices and 
piping. Turn off the boiler 
drain, turn on the cold 
water supply, and remove 
all air from the tank, as 
described previously. 
Check for water leaks 
where the regulator was 
installed in the tank. 


@ Connect the gas supply © 

pipe, thermocouple, burner 
tube, and pilot tube. Turn 
the gas supply on and, 
using a soapy solution, test 
the pipe connection to the 
regulator for leaks. Follow 
manufacturer instructions 
for igniting the pilot. Test 
the connection between 
the pilot tube securing nut 
and the regulator for gas 
leaks using a soapy solution. 
Follow manufacturer 
instructions to ignite the 
burner. Using a soapy 
solution, test the securing 
connection of the burner 
tube to the regulator for 
leaks. The process is complete, 
and you should have warm 
water in 10 minutes if no 
water is used during the 
heating process. 
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Pressure Switch Replacement 


A) Your local code might A) | 
require that this procedure | 

be performed by a licensed 
electrician and licensed 
pump repair technician. 
The pressure switch in 
this example is connected 
to a pipe nipple. Some 
are mounted on an 
above-ground pump; 
others are configured a 
different way. Refer to 
manufacturer information 
for correct procedures for 
your specific installation. 
Disconnect (shut off) 
the electricity from the 
circuit breaker panel or 
by some other means. 
Always approach an 
electrical component as 
if it still has electricity 
applied, even though you 
have disconnected the 
power source. Loosen 
the securing nut on the 
pressure switch cover 
and remove it. Check the 
voltage using a meter 
similar to the one shown 
in Figure 16-6. Touch one 
meter that leads to a wire 
terminal and the other 
to the exposed ground 
wire to make sure that 
electricity is disconnected. 
Loosen and remove all 
wires from the securing 
posts (screws) inside the 
pressure switch. Loosen 
and remove the electrical 
connectors that secure the 
wiring entering and exiting 
both sides of the pressure 
switch. 
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B Connect a garden hose B) 

to the boiler drain to 
drain the piping system, 
and open a hose bibb 
or faucet to allow air to 
enter the piping system. 
The piping system could 
have been drained before 
the electrical work to 
expedite the replacement, 
but never allow water to 
puddle or be present in 
your workspace when 
working around electricity. 
Using an adjustable 
wrench or tool of your 
choice, loosen and remove 
the pressure switch from 
the connecting pipe 
nipple. You may have 
to use two wrenches or 
pliers. To avoid damaging 
other portions of the 
system or loosening 
the pipe nipple, hold the 
pipe nipple securely while 
removing the pressure 
switch with the other 
wrench. 


(C) Apply Teflon tape or pipe O 
dope to the male threads 
of the pipe nipple. If pipe / Wr De) 

dope is used, be careful 
that excess pipe dope 
does not get in the pipe 
nipple, because it will then 
enter the internal portion 
of the pressure switch. 
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D) Hand-tighten the D) 

pressure switch onto 
the pipe nipple. Using 
two wrenches or pliers, 
securely fasten one 
wrench onto the pipe 
nipple while rotating the 
pressure switch clockwise 
with the other wrench. 
Tighten the pressure 
switch so that it is aligned 
in the same position as 
the one removed to allow 
for proper electrical wiring 
connections. Install the 
wiring using electrical 
connectors to both sides 
of the pressure switch. 


E Connect the wiring 

to the posts (screws) 
according to manufacturer 
information. Install the 
pressure switch cover. 
Shut off the boiler drain 
and any open faucets. 
Turn on the electricity. 
Open a hose bibb or any 
faucet that does not have 
an aerator. Bleed all air 
from the piping system, 
and turn off all open 
faucets. Make sure that 
the pressure switch is 
operating properly, and 
refer to manufacturer 
information for any 
needed adjustments in 
pressures. The process is 
complete. 
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Your local code might 
require that this 
procedure be performed 
by a licensed well pump 
technician. If the electrical 
wiring serving the pressure 
switch has to be removed, 
your local codes may 
require that this be done 
by a licensed electrician. 
This procedure is based on 
only one of several piping 
arrangements that might 
be used. The procedure 
begins by assuming that 
the electrical wiring is 
disconnected (shut off) 
and removed from the 
pressure switch and 

that the piping system is 
drained. Cut the piping 
on both sides of the tee 
or as required to remove 
the tank from the piping 
system. 


Turn the tank onto its 
side to allow access to 
the underside of the tank. 
Using a pipe wrench 

or other grasping tool, 
remove the pipe or tank 
tee from the 90° fitting. 
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O Apply Teflon tape or pipe 
dope to the male threads 

of the tank tee fitting. 
If pipe dope is used, be 
careful that excess pipe 
dope does not enter 
the inside of the piping 
system. Tighten the male 
threads into the 90° 
fitting of the tank using a 
wrench to avoid damaging 
the tank by exerting too 
much pressure. 


D) Place tank back in its 

original location. Connect 
the piping system that 
was cut. If PVC or 
other solvent-welded 
connections are used, 
follow manufacturer 
instructions concerning 
the curing time required 
before applying water 
pressure to the system. 
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Check the air pressure E 
in the tank with an 
automobile tire gauge or 
other preferred means at 
the air inlet fitting located 
at the top of the tank. Most 
manufacturers recommend 
that the air pressure in the 
tank be 2 psi below the 
low pressure (cut-on) of 
the pressure switch. If 

the air pressure must be 
increased, add air with 

a bicycle pump through 
the air inlet fitting located 
at the top of the tank; 

if air pressure must be 
decreased, release it 

from the top of the tank. 
Connect the wiring to 

the pressure switch as 
required based on your 
job site. Turn the system 
back on. Check all 
connections for leaks, and 
make sure that the system 
is functioning properly. 
The process is complete. 
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Turn off the water supply 
by isolating the stop 
below the toilet. Flush the 
toilet to remove the water 
from the tank. Use a 
sponge to remove residual 
water in the bottom of the 
tank. Place a rag on the 
floor to absorb any small 
amounts of water that 
may drain from the tank. 
Remove the tank supply 
nut from the ballcock 
shank where the supply 
tube is connected to the 
ballcock on the underside 
of the tank. It may be 
necessary to remove the 
supply tube from the stop, 
which is a compression 
type connection. 


Remove the ballcock 
securing nut located on 
the underside of the tank. 
Remove the ballcock from 
the inside of the tank. 
Clean any debris from the 
inside of the tank near the 
hole designated for the 
ballcock. 
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Follow manufacturer 
instructions for the 
ballcock being installed. 
This procedure is based 
on just one of the many 
types available. Install the 
rubber gasket over the 
ballcock shank, and insert 
the ballcock through the 
designated hole located 
inside the tank. Install 

the ballcock securing nut 
over the shank on the 
underside of the tank. 
Note where the fill tubing 
outlet is located inside the 
tank before completely 
tightening the securing 
nut. 


The fill tubing outlet 
should point in the 
direction of the overflow/ 
fill tube portion of the 
flush valve. If the tank 
supply tube was removed 
from the stop, reinstall it. 
Tighten the tank supply 
nut onto the shank of the 
ballcock. Install the fill 
tubing from the ballcock 
to the overflow/fill tube. 
Turn on the stop to supply 
water to the tank. Adjust 
the float to the desired 
water level for the toilet 
tank being filled. Check 
for leaks. The process is 
complete. 
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This procedure begins 
with the water isolated, 
the tank sponged dry, and 
the ballcock disconnected 
from the water supply 
tube. Loosen the tank 
bolts by removing the 
tank bolt nuts from the 
underside of the toilet 
bowl. This process typically 
requires a flat-head 
screwdriver and a small 
pair of pliers, socket tool, 
or any other tool of choice 
that can accommodate the 
confined space under the 
toilet tank. Remove the 
tank from the toilet bowl. 
Remove the close-couple 
gasket from the threaded 
portion of the flush valve 
located on the underside 
of the tank. Note the 
position of the overflow/ 
fill tube inside the tank in 
relation to the ballcock fill 
tube and the tank bolts. 


Loosen and remove the 
flush valve securing nut 
from the underside of 
the tank using a large 
pair of pliers or other 
tools. Remove the flush 
valve from the inside 
of the tank. Clean any 
debris from around the 
designated hole in the 
bottom of the tank. 
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Install a rubber gasket 
over the threaded portion 
of the flush valve. Insert 
the flush valve through 
the hole inside the tank. 


Tighten the securing 

nut over the threads of 
the flush valve on the 
underside of the tank, 
placing the overflow/fill 
tube in the same location 
as the old flush valve. 


Make sure to tighten the 
securing nut adequately. A 
leak will not be noticeable 
until the very last step 

of the process, and then 
the tank will have to be 
disassembled from the 
bowl to fix the leak. Place 
the close-couple gasket 
over the threads of the 
flush valve (if that is the 
design of the toilet you 
are repairing). Some 
types will also cover the 
securing nut (recessed 


type). 
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Place the tank back onto 
the toilet bowl, and 
tighten the tank bolts 
with the securing nuts. 
Reconnect the water 
supply tubing, turn on the 
water supply, and check 
for leaks. After the tank 
fills, flush the toilet and 
check for leaks between 
the tank and the bowl. 
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REVIEW QUESTIONS 


1. To disconnect an electrical circuit 
means to 


a. Disassemble the wiring 

b. Shut off the electric source 

c. Disconnect the wire nuts 

d. Leave the power source activated 


2. A dedicated electrical circuit to a 
water heater provides electricity to 


a. Only the water heater 
b. The water heater area 


c. The water heater and wall 
receptacles 


d. The circuit breaker 


3. To avoid electrocution, the 
thermostats and elements are 
covered by 


a. An access panel 

b. Insulation or Styrofoam 
c. A plastic safety guard 
d. A piece of cardboard 
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. A multi-purpose electrical testing 


meter is used for testing 
a. Voltage 

b. Amperage 

c. Both a and b are correct 
d. Only water heaters 


. Atypical residential electric water 


heater is a non-simultaneous 
a. 20-gallon type 

b. 240-volt type 

c. 120-volt type 

d. 40-gallon type 


. The most common residential 


electric water heater element is 
a. 4500 watts 
b. 2500 watts 
c. 1500 watts 
d. 6000 watts 


. A safety device on a residential 


electric water heater that has a 
reset button is known as a 


a. Temperature- and pressure-relief 
valve 


b. Backflow preventer 
c. Thermostat 
d. High-limit device 


Residential gas water heaters use a 
thermocouple to sense 


a. A pilot flame is present 
b. The water temperature 
c. The gas pressure 

d. A flue temperature 


10. 


11. 


12. 


13. 


CHAPTER 16 


The operating control device that 
provides and disconnects the 
electricity to a well pump is a(n) 


a. Foot valve 

b. Operating switch 
c. Pressure switch 
d. Check valve 


A specialty well tank fitting 
designed to locate accessories in a 
central area near the tank is known 
asa 


a. Tank tee 

b. 90° elbow 

c. Specialty tank fitting 
d. Pressure switch 


The water remains in the drop pipe 

of a well having an above-ground 

pump by using a 

a. Foot valve installed at the bottom of 
the pipe 

b. Check valve installed near the pump 

c. Gate valve installed near the pump 


d. Foot valve installed above ground 


A fill valve in a toilet tank is also 
known as a 


a. Tank valve 

b. Ballcock 

c. Toilet float valve 
d. Ball valve 


A toilet handle secured to a toilet 
tank with a securing nut has 


a. Right-hand threads 
b. Left-hand threads 

c. Plastic threads only 
d. Metal threads only 
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14. 


15. 


16. 


17. 


18. 


The gasket used to connect a 
toilet tank to the toilet bowl is 
known asa 


a. Close-couple gasket 
b. Tank gasket 

c. Bowl gasket 

d. Full-face gasket 


A green-colored wire routed to a 
water heater is typically the 


a. 120-volt wire 
b. 240-volt wire 
c. Ground wire 
d. Main power wire 


To replace a gas regulator (gas 
valve) on a water heater, the tank 
must be 


a. Drained completely 

b. Drained halfway 

c. Full of water 

d. Drained at least 6” from the top 


An upper element of a residential 
electric water heater is connected 
to a high-limit device with a 


a. Wire 

b. Terminal 
c. Jumper 
d. Wire nut 


The #4 post of the high-limit 
device of a residential electric 
water heater is often referred to 
as the 


a. Element post 

b. Lower thermostat post 
c. Upper thermostat post 
d. Safety post 
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19. The typical psi differential of a well 20. Before energizing an electric water 
pump pressure switch is heater, the 


a. 20 a. Tank must be filled with water 
b. 30 b. Tank must be drained 


c. 40 c. Faucets must be open 
d. 50 d. Wires must be disconnected 
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Hydronic Heat 


explain the concept of hydronic heating. 


list the three most commonly used heat sources 
in boilers. 


describe basic boiler construction. 
identify component parts of a boiler. 
explain the operation of a boiler. 


describe various components that maintain the 
desired water temperature in a boiler. 


explain the difference between a one-pipe and a 
two-pipe hot water system. 


discuss the difference between direct-return 
systems and reverse return systems. 


describe the operation and function of 
centrifugal pumps. 


explain the function of boiler controls and safety 
devices. 


explain the function of an expansion tank. 
explain the point of no pressure change. 
check the pressure in an expansion tank. 
explain primary-secondary pumping. 
explain the concept of “zoning.” 


explain how a radiant heating system creates 
comfort. 


explain how a radiant heating system operates. 
install a boiler. 


service boilers. 
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air cushion air above the 
semipermeable membrane in an 
expansion tank 


air separator device that 
separates air from water in the 
system 


air vent fitting used to 
remove air, either manually or 
automatically, from a hydronic 
system 


aquastat electrical component 
that opens and closes its contacts 
to energize and de-energize electric 
circuits in response to the water 
temperature sensed by the device 


automatic air vent fitting 
that automatically removes air 
from a hydronic heating system 


balancing valve manually 
controlled valve used to increase 
resistance and reduce water flow 
through a given branch circuit 


baseboard sections see 
radiator or terminal unit 


boiler piece of heating 
equipment designed to heat 
water, using electricity, gas, or oil 
as a heat source, for the purpose 
of providing heat to an occupied 
space or potable water 


boiler/water feed valve valve 
that reduces the pressure 
entering the structure to the 
pressure required by the hydronic 
system; automatically feeds water 
into the system to maintain the 
desired water pressure 
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GLOSSARY OF TERMS 


centrifugal pump pump that 
moves water through a piping 
circuit by means of centrifugal force 


circulator see centrifugal pump 


closed loop system that is closed 
or isolated from the atmosphere 


compression tank see 
expansion tank 


diaphragm-type expansion 
tank see expansion tank 


direct return configuration of a 
hot water heating system in which 
the first terminal unit supplied 
with hot water is the first one to 
return to the boiler and vice versa 


diverter tee in a one-pipe hot 
water system, the fitting used 
to increase resistance to water 
flow in the main loop in order to 
direct water to the terminal units 


expansion tank system 
piping component that provides 
additional space for expanding 
water to occupy 


feet of head term used to rate 
the pumping capacity of a pump; 
1 foot of head is the equivalent 
of a 0.433 psig difference 
between the inlet and outlet of 
the pump (1 psig = 2.31 feet of 
head) 


flow check valve see flow- 
control valve 


flow-control valve valve that 
prevents backward and gravity 


circulation through loops not 
requiring flow 


hydronics heating systems 
that circulate hot water or steam 
through piping arrangements 
located in the areas being heated 


indirect water storage tank 
A water storage tank that has an 
internal heat exchanger that is 
serviced by the main boiler. 


manifold station location of 
the manifold for radiant heating 
loops 


manual air vent fitting 
that, when opened manually, 
will remove air from a hydronic 
heating system 


monoflo tee see diverter tee 


one-pipe hot water hydronic 
piping configuration that uses a 
main hot water loop and diverter 
tees to connect the terminal units 
to the system 


outdoor reset control used on 
hydronic systems that decreases 
the temperature of the water as 
the outdoor temperature increases 


PEX tubing see polyethylene 
tubing 


point of no pressure 
change point in a hydronic 
hot water system where the 
expansion tank is connected to 
the piping system; pressure at 
this location cannot be affected 
by circulator operation 
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polyethylene tubing tubing material used for 
buried water loops in radiant heating systems and 
geothermal heat pump systems 


pressure-reducing valve reduces the pressure 
of the water entering the structure to the desired 
pressure in the hydronic system 


pressure relief valve spring-loaded valve that 
opens when the pressure in a hydronic system 
exceeds the rating of the valve 


radiant heat system heating system that 
attempts to regulate the heat loss of the 
individual as opposed to the rate of heat loss 
of the structure 


radiator heat emitters or terminal units that 
transfer the majority of their heat to the occupied 
space by radiation 


relief valve see pressure relief valve 


reverse return system configuration of a hot 
water heating system in which the first terminal unit 
supplied with hot water is the last one to return to 
the boiler and vice versa standard expansion tank see 
expansion tank 


steam boiler piece of heating equipment that 
heats water to the point of vaporization to provide 
heat to an occupied space 


tankless hot water heating coil a heat 
exchanger installed in the boiler that connects 
to the hot water pipes of the house. 


terminal unit radiator or section of baseboard 


two-pipe system hydronic piping configuration 
that uses one pipe as the supply and one pipe as 
the return; can be configured as a direct return or a 
reverse return 


volume factor provides the number of gallons of 
water per linear foot of a piping material 


volute portion of the circulator housing that carries 
water from the pump 


zone valve thermostatically controlled valve that 
opens and closes to regulate the flow of hot water to 
the terminal units in the occupied space 


zoning process of dividing the structure into 
separate areas, each of which has its own means to 
regulate the temperature in the space 
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he three previous chapters dealt 

with forced-air heating systems— 

furnaces that used electricity, gas, 
or oil as their heat source. As heat was gen- 
erated, it was used to heat air that was, in 
turn, transferred to the occupied space by 
means of fans or blowers. We also discussed 
three common methods of generating this 
heat—electric strip heaters, gas burners, and 
oil burners—as well as the components, con- 


trols, and heating capability of each. 


In this chapter, we will concentrate not 
on the source of heat, but on the medium 
being heated. In the case of the hydronic 
system, this medium is water instead of the 
air used in furnaces. Water can be heated 
to generate hot water or, if heated above 
212 degrees F at atmospheric conditions, 


steam. 


Either hot water or steam boilers can 
provide heat, but this text will only ad- 
dress the issue of hot water, as steam is 
not commonly found in new residential 


installations. 


THEORY OF HYDRONIC 
HEATING SYSTEMS __ 


Unlike furnaces that use blowers to move heated 
air through duct systems, hydronic systems rely on 
circulating water or steam to deliver heat to the re- 
mote locations where heating is desired. Instead of 
using large ducts, as is the case with air condition- 
ing or forced-air systems, water is heated at one lo- 
cation and then pumped to the remote locations via 
a piping arrangement. The heat is then transferred 
to the occupied space by heat exchangers located 
in the space. These heat exchangers, typically ra- 
diators or sections of baseboard, are referred to as 


FIGURE 17-1 Hot water, two-pipe direct return 
hydronic system. 


terminal units. Once the water has passed through 
the terminal units, it is returned to the heat source, 
where it is reheated and again pumped through the 
piping arrangement. This cycle continues until the 
occupied space reaches the desired temperature. This 
system is referred to as a closed loop (Fig. 17-1) be- 
cause the water circuit is closed to, or separate from, 
the atmosphere. 


In hot water hydronic systems, many different 
possible piping configurations and controls can be 
used to satisfy the system requirements. A number 
of these components are common to all or most sys- 
tem configurations, but others are specific to certain 
configurations. As we make our way through the 
remainder of this chapter, we will discuss a variety 
of components, controls, and piping configurations 
designed to enhance system performance as well as 
meet the heating requirements for the structure. 


CAUTION 


THE HEAT SOURCE 


The heat used in hydronic systems can be gener- 
ated by a number of different methods including 
burning fossil fuels; collecting solar energy from 
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the sun; converting electrical energy directly 
into heat energy; and using vapor-compression, 
reverse-cycle refrigeration, or heat pumps. The 
most common method for generating the heat is 
by burning fuels such as natural gas, manufac- 
tured gas, or oil. The combustion processes for 
these fuels were discussed in earlier chapters, so 
please feel free to refer back to those sections for 
a brief review. 


Heat energy is transferred from the heat 
source to the water in the boiler. The boiler fa- 
cilitates the generation of the heat energy as well 
as the transfer of this heat energy to the water 
flowing through it. Figure 17-2, Figure 17-3, 
and Figure 17-4 show gas, oil, and electric boil- 
ers. Boilers are typically constructed from either 
cast iron or steel. The most commonly encoun- 
tered boiler in residential applications is the cast 
iron boiler. 


It is often made up of individual sections (Fig. 
17-5) that are bolted together to form the heat ex- 
change surface between the water and the burning 
fuel. The more sections a boiler has, the higher its 
capacity, with all other factors remaining the same. 
Residential cast iron boilers typically hold between 
10 and 15 gallons of water. 


Courtesy of Weil-McLain. 
—_—_— SSE es) 


FIGURE 17-2 Gas-fired boiler. 
= 
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Courtesy of Weil-McLain. 


FIGURE 17-3 Oil-fired boiler. 
EI) 


Courtesy of Thermo 2000, Inc. 
a SSS 


FIGURE 17-4 Electric boiler. 
a ae 
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Courtesy of Weil-McLain. 


FIGURE 17-5 Cast iron boiler sections. 


BOILER EFFICIENCY 


Like furnaces, gas and oil boiler efficiencies are 
rated using the Annual Fuel Utilization Efficiency, 
or AFUE, rating. The AFUE is widely used to mea- 
sure the efficiency of a heating appliance. It mea- 
sures the amount of fuel that is actually used to 
provide heat to the structure compared to the 
amount of fuel that is supplied to the appliance. 
For example, a boiler that has an 80 percent AFUE 
rating converts 80 percent of the fuel that you sup- 
ply to the appliance to usable heat, while the re- 
maining 20 percent is lost from the system through 
the chimney. The AFUE does take into account 
the electricity required to operate the boiler or the 
pumps that circulate the hydronic fluid. So, in ad- 
dition to examining the AFUE, the HVAC installer 
or technician must also consider the power con- 
sumption of the systems’ electric components. To- 
day’s energy efficient boilers have AFUE ratings 
that can range from 85 to 90 percent. Some very 
high efficiency condensing appliances can have 


AFUE ratings as high as 99 percent. Look for En- 
ergy Star labeled models as an indicator of energy 
efficient boilers. 


: Green Tip 

Boiler efficiency and system efficiency are not 
the same! Installing a 90 percent efficient 

: boiler on an inefficiently designed and in- 

: Stalled heating system will not produce high 
: efficiency. It is important to keep in mind that 
: the boiler is only part of the system. 


eeceeecee eee eee es * 
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AQUASTAT 


The aquastat (Fig. 17-6) is a temperature-sensing 
switch that is responsible for cycling the boiler on 
and off to keep the water in the boiler close to the de- 
sired temperature. The temperature of the water var- 
ies as the boiler cycles on and off. The temperature at 
which it turns on is called the cut-in temperature, and 
it shuts down at the cut-out temperature. The differ- 
ence between the cut-in and cut-out temperatures is 
called the differential. If the desired water tempera- 
ture is, for example, 170 degrees F and the differen- 
tial is 10 degrees F, the boiler will cycle off once the 
water reaches 170 degrees F and will cycle back on 
when it drops to 160 degrees F (170°F — 10°F). 


OUTDOOR RESET 


The outdoor reset control is similar to the outdoor 
air, or holdback, thermostat found on heat pump 
systems, which will be covered in the next chapter. 
The reset thermostat senses the outdoor tempera- 
ture and adjusts the water temperature in the boiler. 
When it is warmer outside, we will require less heat 
inside and vice versa. Therefore, as the outdoor 
temperature increases, the water temperature in the 
boiler is reduced. As it gets colder outside, the boiler 
maintains the water at a higher temperature. 


The reset control measures two temperatures: 
the outside air temperature and, typically, the water 
supplied by the boiler. At the time of installation, 
the control must be set manually. Once set, the 
water temperature will change in response to the 
outside temperature, depending on the selected re- 
set curve. A representational reset curve is shown in 
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Photo by Bill Johnson. 


FIGURE 17-6 Aquastat. 


Green Tip 


Outdoor reset devices control the water tem- 
perature that the boiler maintains based on 
the outdoor temperature. This way, the boiler 
does not operate as often nor as long when 
: the outdoor temperature is higher. 


Se eeeceec cece eee eee eee eee eee eee ee eee ee ee ® 


Figure 17-7. On this curve, at the 1.0 setting, the 
boiler will maintain a water temperature of ap- 
proximately 160 degrees F when the outside tem- 
perature is 20 degrees F. 
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FIGURE 17-7 Representational reset control 
curve. 


LOW-WATER CUTOFF 


The low-water cutoff (Fig. 17-8) is responsible 
for deenergizing the boiler in the event the water 
level in the system falls below the desired level. 
In some states, a low-water cutoff is required by 
law, but it is good field practice to equip all sys- 
tems with one. This is especially true for hot wa- 
ter boilers that serve radiant systems—covered 
later in this chapter—because the tubing is usu- 
ally below the boiler and often buried in concrete. 
A leak in a buried tube can result in the draining 
of the boiler which, in turn, can result in the “dry 
firing” of the boiler. 


Photo by Eugene Silberstein. 


FIGURE 17-8 Low-water cutoff. 


a 
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EXPANSION TANK 


Hot water hydronic systems are closed loop systems 
and are, ideally, air free. As water is heated, it ex- 
pands and, if the system is truly air free, the relief 
valve on the system will open to release the excess 
pressure. To prevent the relief valve from constantly 
opening and flooding the floor, an additional vol- 
ume or space must be provided to accept the addi- 
tional volume generated when the water is heated. 
The system component that accomplishes this is the 
expansion tank (Fig. 17-9). Ideally, the expansion 
tank is located on the supply side of the boiler near 
the inlet of the circulator. The location of the expan- 
sion tank with respect to the circulator is discussed 
in the next section. 


There are two types of expansion tanks. One 
type of expansion tank is the standard expansion 
tank, which is nothing more than a large tank located 
above the boiler (Fig. 17-10). Initially, the air in the 
tank is at atmospheric pressure. As water is added to 
the boiler, it is pushed into the tank, which compresses 


PLUMBING & HEATING DIVISION 
MOOK NO PRECHANGE MAK 
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Photo by Eugene Silberstein. 
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FIGURE 17-9 Expansion tank. 
D > SSS 


EXPANSION TANK 


SUPPLY WATER 
TO HEATERS 


RETURN WATER 
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FIGURE 17-10 Steel expansion tank. 


the air in the tank, creating an air cushion. As the wa- 
ter is heated, the volume of the water increases, and 
more water is pushed into the tank, compressing the 
air even further (Fig. 17-11). The main problem with 
this type of expansion tank is that it eventually be- 
comes water-logged, or completely filled with water, 
and the air cushion is removed. The absence of the 
air cushion eliminates the extra space that was pre- 
viously available to the expanding volume of water. 
When this occurs, the pressure relief valve on the sys- 
tem will open, releasing the excess pressure. 


The other type of expansion tank, which is used 
in nearly all new residential construction and in- 
stallations, is the diaphragm-type expansion tank, 
which is divided into two sections separated by a 
rubber, semi-permeable membrane (Fig. 17-12). 
One side of the tank contains air and the other side 
is open to the water circuit. The air portion of the 
tank is pressurized by the manufacturer. Typically, 
for residential applications, a pressure of 12 psig is 
acceptable. The tank pressure at the time of manu- 
facture is noted on the tank itself (Fig. 17-13). Note 
that the point at which the expansion tank is con- 
nected to the piping circuit will always remain at 
the same pressure. This is referred to as the point of 
no pressure change. 
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TO HEATERS 


BOILER FILLED 
WITH WATER 


RETURN WATER 
FROM HEATERS 


FIGURE 17-11 Pressure in the tank increases as 
water is added to the system. 


The point of no pressure change is the one 
place in the piping system where the pump cannot 
affect the pressure in the system. Consider a piping 
circuit that contains only the expansion tank and 


Photo by Eugene Silberstein. 


FIGURE 17-12 Cutaway of a diaphragm-type 
expansion tank. 
CMM] 
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Photo by Eugene Silberstein. 
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FIGURE 17-13 Expansion tank data tag. 
eee 


a pump (Fig. 17-14). Assume that the pressure in 
the expansion tank prior to installation is 10 psig 
and the pump generates a pressure difference of 15 
psig between its inlet and outlet when operating. 
When the loop is filled, the water pressure will be 
10 psig. When the pump cycles on, no water can 
be added or removed from the expansion tank. The 
water loop is filled and no additional water can be 
added to the loop, since water is not compressible. 
Water cannot leave the loop and enter the expan- 
sion tank, because this would create a vacuum in 
the loop, which would result in the water being 
pulled right back out of the expansion tank into the 
loop. Since water cannot be added to or removed 
from the expansion tank under the conditions just 
described, the pressure at the point where the tank 
is connected to the piping circuit cannot change. 


: from experience... 


The pressure of the air in the expansion 
tank will increase when either the water 
is heated or additional water is introduced : 
to the boiler. In either case, water willbe =: 
forced into the expansion tank, increas- : 
ing the pressure of the air in the tank. 
This will increase the pressure at the point 
in the water circuit where the expansion 
tank is connected to the piping circuit. 


eeeeceeece ® 


eecereceecee eee 
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10 PSIG OF AIR 
PRESSURE 


EXPANSION TANK 


FIGURE 17-14 Simple loop with expansion tank 
and circulator. 


Refer back to our example and the piping in Fig- 
ure 17-14. If the pump is started, and it generates 
a pressure difference of 15 psig, a pressure of —5 
psig is created at the inlet of the pump (Fig. 17-15). 
Since the pressure at the point of no pressure change 
will be 10 psig, the pump must make up its pressure 
difference at the inlet of the pump. The vacuum cre- 
ated at the inlet of the pump will permit air to enter 
the piping circuit in the event of a leak. 


Placing the pump on the other side of the ex- 
pansion tank (Fig. 17-16) will eliminate this prob- 
lem. The pressure at the inlet of the pump will be 
10 psig and the pressure at the pump’s outlet will be 
25 psig. As the water circulates through the piping 
arrangement, friction will cause the pressure of the 


10 PSIG OF AIR 
PRESSURE 


EXPANSION TANK 


FIGURE 17-15 Pumping toward the expansion 
tank can result in a vacuum in the piping circuit. 


POINT OF NO 
PRESSURE CHANGE 


10 PSIG OF AIR 
PRESSURE 
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FIGURE 17-16 Point of no pressure change. 


water to drop, and the pressure will once again be 
equal to 10 psig at the point of no pressure drop. 
Notice that, in this example, the pressure in the 
system has been increased to 25 psig, which pre- 
vents the piping circuit pressure from falling below 
atmospheric pressure. In addition, air will remain 
in solution at higher pressures, reducing the nega- 
tive effects of air in the water circuit. 


The pressure in the expansion tank will match 
the static fill pressure in the system. Static fill pres- 
sure is the pressure in the filled system before the 
boiler is fired. The actual required air-side pressure 
can be calculated by using the following formula: 


Pa = (H, — H,)(Dc/144) + 5 
where, 
Pa = Air side pressure in the expansion tank (psig) 


H, = Height of the highest system pipe above the 
base of the boiler (ft) 


H, = Height of the opening in the expansion tank 
above the base of the boiler (ft) 


Dc = Density of the water at its initial, cold tem- 
perature (lb/ft?) 


Consider the following example in which cold 
water is introduced to the boiler at 60 degrees F. 
The density of water at 60 degrees F is 62.4 lb/ft’. 
The density of water between the temperatures of 
50 degrees F and 250 degrees F can be found by 
substituting the temperature of the water for “T” in 
the following formula: 


Density = 62.56 + 0.0003413(T) — 0.00006255(T7) 
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: from experience... } 
It is always good field practice to check 
the pressure in the expansion tank prior 
to installation. A bicycle tire gauge can d 
be used to check the pressure and, ifthe : 


pressure is too low, it can be raised by 
using a bicycle tire pump. : 


ecese csoooo 


The expansion tank opening is 6 feet above the 
base of the boiler, and the highest pipe is 22 feet 
above the base of the boiler. The required pressure 
in the expansion tank can be found using the fol- 
lowing formula: 


Pa = (22 — 6)(62.4/144) + 5 = 16(0.433) + 5 = 
6.93 + 5 = 11.93 psig 


eft e eee ereeer eee eee eee eee e eee eee eeeeeeey, 


: from experience... 


:  Average-sized homes often require an 
+ expansion tank with an air side pressure 
of 12 psig. 


Another factor that determines which expan- 
sion tank to use on a particular system is the vol- 
ume of the expansion tank. The minimum required 
volume can be calculated as well, which requires an 
estimate of the volume of water contained in the 
system. An average-sized home with a cast iron sec- 
tional boiler often requires an expansion tank with 
a volume of 4 to 5 gallons. 


Refer Procedures 17-1, 17-2, and 17-3 on pages 
606-608 for step-by-step instruction for estimating 
and calculating the volume of water in the system 
and calculating the minimum required expansion 
tank volume. 


CENTRIFUGAL PUMPS 


The pumps used to move water through hydronic 
systems are often called circulators. These circula- 
tors operate on centrifugal force and are, therefore, 
more accurately referred to as centrifugal pumps. 
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The centrifugal pump (Fig. 17-17) is made up of 
a motor, a linkage, and an impeller (Fig. 17-18). 
The impeller slaps against the water and throws 
it toward the outside of the chamber or housing, 
called the volute, where it is forced from the pump 
assembly at a higher pressure. The pressure increase 
at the outlet of the pump pushes water around the 
piping circuit until it is eventually pushed back into 
the inlet of the pump by the very pressure differen- 
tial created by the pump. A cutaway of a centrifugal 
pump is shown in Fig. 17-19. 


Courtesy of Ferris State University. Photo by John Tomczyk. 


FIGURE 17-17 Centrifugal pump. 


FIGURE 17-18 Impeller and volute on a circulator. 
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FIGURE 17-19 Cutaway of a centrifugal pump. 
m] 


Pumping Capability 
of the Centrifugal Pump 


The centrifugal pump is responsible for creating 
a pressure difference between the water at its inlet 
and its outlet. It is this pressure differential that fa- 
cilitates water flow in the piping circuit. However, 
to ensure proper flow through the piping circuit, the 
pump must be able to overcome the resistance that 
exists in the piping itself. Consider a pump operating 
with no resistance to flow. If a pump was provided 
with an unlimited water supply at its inlet and was 
able to discharge the pumped water immediately to 
the atmosphere with no resistance at the pump’s out- 
let, the volume of water moved by the pump would 
be the pump’s maximum capacity (Fig. 17-20). 
Adding a section of vertical pipe to the pump’s 
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FIGURE 17-20 With no resistance at its outlet, the 
pump can move large volumes of water. 


outlet would reduce the pumping capacity of the 
pump (Fig. 17-21). As the amount of vertical pipe at 
the pump’s outlet was increased, the capacity of the 
pump would continue to decrease until a point was 
reached at which the volume of water moved by the 
pump was zero (Fig. 17-22). The curve that is cre- 
ated when we plot the feet of pipe, or feet of head, 
against the pumping capacity of the pump in gallons 
per minute, is the performance curve for that partic- 
ular pump (Fig. 17-23). 
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FIGURE 17-21 As the resistance at the pump’s 
outlet is increased, the volume of water pumped will 
decrease. 
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FIGURE 17-22 Point at which the pump can no 
longer overcome the resistance of the piping at its 
outlet. 
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FIGURE 17-23 Sample pump curve. 


Pumping Capacity, Feet of Head, 
and Pressure Differential 


As a centrifugal pump operates, a pressure differ- 
ential is created between the water at the inlet of 
the pump and the water at the outlet. A definite 
relationship exists between the pressure difference 
across the pump and the pumping capability of 
the pump in feet of head. In the chapter on gas fur- 
naces, we measured gas pressure at the furnace in 
units called inches of water column. It was estab- 
lished that 1 psig was equal to 27.7 inches of water 
column, which is equal to 2.31 feet (27.7 inches/12 = 
2.31 feet). We can then see that 1 psig = 2.31 feet of 
head and that each foot of head results in a pressure 
change across the pump of 0.433 psig (1/2.31 = 
0.433). 


The pumping head of a particular pump can 
be determined using its performance curve if the 
flow rate through the pump is known. Assume that 
a pump has a capacity of 40 gallons per minute 
(gpm). From the sample performance chart in Figure 
17-23, it is established that the pump is overcoming 
approximately 57 feet of head. We can then con- 
clude that it will operate with a pressure differen- 
tial of 24.7 psig between the pump’s inlet and outlet 
(57/2.31 = 24.7 psig). 


Centrifugal Pump Location 


It has been established that the circulator should 
be located so that it is pumping away from the 
point of no pressure change. The point of no pres- 
sure change, discussed earlier, is the point where the 
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expansion tank is connected to the system piping 
circuit (Fig. 17-16). This results in higher pressures 
in the system that will not only help keep air in so- 
lution, it will also reduce the chances of introducing 
water to the system as a result of lowering the sys- 
tem pressure below atmospheric pressure. 


Going along with the pumping away theory, it 
is possible to install the circulator and the expan- 
sion tank on the return side of the boiler. The main 
problem with this is that once the pump is energized, 
the pressure at the outlet of the pump will be added 
to the pressure in the boiler and may cause the re- 
lief valve on the boiler to open. This is more likely to 
happen in larger structures but, to be on the safe side, 
it is good practice to install both the circulator and 
the expansion tank on the supply side of the boiler. 


AIR VENTS AND AIR 
SEPARATORS 


One of the biggest enemies of a hot water hydronic 
heating system is air. To operate properly, any air 
that may be present in the system must be removed. 
The air separator (Fig. 17-24), which ideally is lo- 
cated at the point of no pressure change, should be 
able to remove smaller air bubbles called microbub- 
bles, from the system. Older air separators worked 
by sending the water through a straight, horizon- 
tal section of pipe, resulting in laminar or linear 
flow. When water flow is laminar, the air bubbles 
rise to the top of the pipe. These older air separators 
“scooped” the air out of the pipe by using a baffle. 


Courtesy of Bell & Gossett. 
SSS ae 


FIGURE 17-24 Air separator. 
ET 
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Photo by Eugene Silberstein. 


FIGURE 17-25 Wire screen in the air separator. 
SSS SSS SSS 


New air separators don’t depend on laminar flow. 
They work by a process called “collision and adhe- 
sion.” Simply put, a metal mesh is placed in front 
of the flowing water (Fig. 17-25). The air bubbles 
collide with the metal and cling to it by surface ten- 
sion. The air bubbles rise to the top of the air sepa- 
rator and leave from the top of the device. 


The air then passes to the air vents, where it is 
removed from the system. The automatic air vent 
(Fig. 17-26) opens and closes automatically, but the 
“coin operated,” or manual air vent (Fig. 17-27) 
must be opened manually. 


PRESSURE-REDUCING VALVE 
(WATER-REGULATING VALVE) 


The pressure-reducing valve (Fig. 17-28) automati- 
cally drops the pressure of the water entering the 
structure to the level at which the boiler is designed 
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Courtesy of Bell & Gossett. 


FIGURE 17-26 Automatic air vent. 


Courtesy of Bell & Gossett. 


FIGURE 17-27 “Coin-operated” air vent. 


to operate. If the pressure in the boiler drops below 
the desired level, the valve opens to feed more wa- 
ter to the boiler. The boiler/water feed valve should 
be piped so that water is introduced to the system 
at the point of no pressure change (Fig. 17-29). 
Installing the feed valve on the return side of the 
boiler can result in system problems if the circulator 
is installed on the return side as well. Assume that 
the boiler piping configuration is like that shown in 
Figure 17-30—the air side of the expansion tank 
is pressurized to 12 psig, the feed valve has been 
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Courtesy of Bell & Gossett. 


FIGURE 17-28 Pressure-reducing valve. 
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FIGURE 17-29 Proper location for the pressure- 
reducing valve. 


factory set to feed water when the system pressure 
drops below 12 psig, the pump operates with a pres- 
sure drop of 6 psig, and there is a 1 psig pressure 
drop through the boiler. 


When the pump starts, the pressure at the outlet 
of the pump will be 13 psig and the inlet pressure of 
the pump will be 7 psig (Fig. 17-31). Since the feed 
valve is sensing a pressure below 12 psig, water will 
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FIGURE 17-30 Potential problems can arise with 
this configuration. 
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FIGURE 17-31 Feed valve will open as a result 
of a false reading. 


be fed to the boiler until the pressure is increased 
to 12 psig, the set point on the feed valve. This results 
in an increase of 5 psig to the boiler. This added water 
will be pushed into the expansion tank, because it has 
nowhere else to go, and will push against the air cush- 
ion, increasing the air pressure in the tank. 
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FIGURE 17-32 Static air pressure in the expan- 
sion tank is higher than desired. 


Once the circulator cycles off, the static pressure 
in the system will be 17 psig, which is 5 psig higher 
than the original fill pressure. This will cause the air 
pressure in the expansion tank, which was originally 
12 psig, to increase to 17 psig (Fig. 17-32). In addi- 
tion, the tank contains more water than originally 
was intended and is now undersized for the system. 
The increased pressure in the expansion tank puts 
more stress on the diaphragm and can result in pre- 
mature failure of the tank. 


PRESSURE RELIEF VALVE 


The pressure relief valve (Fig. 17-33) is designed 
to open if the pressure in the system reaches the set 
point on the valve. Once the valve opens, the pres- 
sure in the system will be relieved; when it drops to 
an acceptable level, the valve will close. The Ameri- 
can Society of Mechanical Engineers (ASME) Boiler 
and Pressure Vessel Codes require that a pressure re- 
lief valve be installed on every hot water boiler. Since 
all hot water boilers have a pressure relief valve 
and most have a pressure-reducing valve, many 
manufacturers combine these two components into 
a single unit. A complete sample piping arrange- 
ment at the supply side of the boiler can be seen in 
Figure 17-34. 


Courtesy of Bell & Gossett. 
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FIGURE 17-33 Safety relief valve. 
= 


ZONE VALVES 


Circulators can be used to circulate water through 
various loops in the structure. If water flows 
through all of these loops when the system is on 
and none of them when it is off, it is said that 
there is one zone in the structure. If, however, 
water flow can be controlled so that some of the 
loops are getting heat while the others are not, it 
is said that the structure has multiple zones. In 
the case of a one-zone structure, it is likely that 
some parts of the structure will be too hot, some 
too cool, and others at the desired temperature. 
Zoned structures enable the occupants of each 
area to control the temperature of that particular 
area with a thermostat located there. Zoning, the 
process of dividing a structure into areas with sep- 
arate control over the temperature in that space, 
is often done with zone valves (Fig. 17-35). Zone 
valves open and close in response to the tempera- 
ture in the space. In operation, when one of the 
zones calls for heat, the zone valve opens and trips 
an end switch that starts the circulator. The circu- 
lator runs until the thermostat is satisfied. Once 
satisfied, the valve closes, turning off the circula- 
tor. Limitations and applications for zone valve us- 
age are covered later in this chapter. Zone valves 
can also be used to control multiple zones being 
fed by a single circulator (Fig. 17-36). 
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B 
BSG Models FI-38 or 


* Low inlet pressure valve 

e Fast fill with large, easy-to-use lever 

e Strainer prevents large debris 
from entering system 

+ Model FB-38TU features a 1/2” 
sweat/NPT union 


+ Controls thermal 
expansion 

+ Precharged to 12 PSI 

+ 2-14 gallon models; 
other sizes available 


GuardDog 


McDonnell & Miller 


dpe 


. pranda dry ayes: oft the boiler 
+ UL listed 

+ Compact and easy to install 

+ Required by many codes 

+ Recommended by boiler 


Courtesy of Bell & Gossett. 
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B&G Enhanced Alr 


+ Four sizes for 3/4” to 2” pipe 
+ System flow rates up to 70 GPM 
+ No minimum pipe requirements 
Externally removable air vent 
+ Can be used with diaphragm 

or compression tanks 


=) 
Os ——_———— 


B&G Red Fox® Circulator 
Model NRF-22 


+ 20 in/oz. starting torque for 
dependable seasonal restarts 

. ae rods A 
Beari em longer 
poster hegre 

* Corrosion resistant internal 
components 

+ Self-cleaning particle shield 
protects shaft and bearings 
from start-up debris 


™ 
Drain 
* Purge from basement 


+ Eliminates the need to 
bleed radiation 


* Saves time on the job 


FIGURE 17-34 Hot water supply manifold. 


FLOW-CONTROL VALVE 


From the name, it may be concluded that the flow- 
control valve (Fig. 17-37) controls flow in a hy- 
dronic system. However, the flow-control valve is 
actually a flow check valve that prevents hot wa- 
ter in the system from flowing through a heating 
loop when no flow through that particular loop is 
desired. If the individual loops have positive shut- 
offs, such as zone valves, flow-control valves are 
not needed. If, however, water flow through the in- 
dividual loops is controlled by a circulator pump, 
also discussed later, flow controls are needed to 
prevent gravity flow through the loops. Since grav- 
ity circulation can happen on either end of the 
secondary circuit, it is a good idea to use two flow- 
control valves for each circuit; one on the supply 
and the other on the return. Always make sure the 


arrows on the flow-control valves face in the right 
direction. 


oft eeeeeeeo reece eee eee eee eee ee eee eee eee, 


from experience... } 


It is good field practice to install a valve 
after each flow-control valve. This canbe : 
either a full-port ball valve or a gate valve. 
This will make the future servicing of any 
of the components between the boiler 
and the flow-control valve much easier. 


eeceeee eee eens 
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Courtesy of Bell & Gossett. 


FIGURE 17-35 Zone valve. 


Photo by Eugene Silberstein. 
SS eee eee 


FIGURE 17-36 Zone valves on a multiple zone loop. 
SSS 


Courtesy of Bell & Gossett. 
p] 


FIGURE 17-37 Flow-control valve. 
a] 


BALANCING VALVES 


In hot water hydronic systems, the water flow 
through each branch in the piping circuit must 
be within the desired range to help ensure that 
the occupied space is kept at the desired tempera- 
ture. One way to help even the water flow through 
each branch of the circuit is to use balancing valves 
(Fig. 17-38). Balancing valves are installed in each 
branch of the circuit and are manually adjusted. 
(Refer to later sections of this chapter for balancing 
applications) Since valves vary from manufacturer 
to manufacturer, review the literature supplied with 
the particular valve for setting procedures. 


HYDRONIC HEAT 
EFFICIENCY —=ŽěŽ = Żě -/ 


The hydronic heating system must be correctly de- 
signed beyond the boiler. Hydronic heating fluid 
can run through long lengths of pipe before reach- 
ing a terminal unit. Along the way, heat is lost 
through the walls of the pipes. When those pipes are 
routed through an unconditioned basement or crawl 
space, the heat loss can be greater. To retain as much 
heat as possible, pipes need to be insulated. Build- 
ing codes, specifically 2009 IRC, require that the 
pipes be wrapped with R-3 insulation to reduce 
the heat loss in pipes. And, while the building code 
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Photo by Bill Johnson. 
—SSoE a 


FIGURE 17-38 Balancing valve. 
[ | 


calls for R-3 insulation, insulations with greater R 
values ranging from 5 to 11 are available and are 
a better choice to improve the energy efficiency of 
the hydronic heating system. 


Green Tip i 


Uninsulated heating pipes result in substantial : 
heat loss. Be sure to insulate pipes that are 
run through unconditioned spaces. 


HYDRONIC 
SYSTEM PIPING 


Having discussed the component parts of a hydronic 
heating system, we will now put the pieces together 
and examine four commonly encountered pip- 
ing configurations. The piping configuration that 
will ultimately be used in a structure depends on 
a number of factors that include budgetary restric- 
tions, the uniformity of heat loss by the structure, 
and the need or desire for uniform heating in the 
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space. The four common piping configurations that 
will be discussed here are the 


e Series Loop System 
e One-Pipe System 
e Two-Pipe Direct Return System 


e Two-Pipe Reverse Return System 


SERIES LOOP SYSTEM 


In a series loop system (Fig. 17-39), all of the heat- 
ers are piped in series with each other. Similar to a 
series electric circuit, the water flow through any 
given heater will be exactly the same as through 
any other heater in the series loop. Remember that 
the current, or flow, in a series circuit is the same at 
all points in the circuit. The main advantage of the 
series loop system is that it is very economical from 
a first-cost standpoint. The main drawback is that 
the terminal units that are fed last are often cooler 
than those that are fed first. This is because as heat- 
laden water flows through the loop, Btus are trans- 
ferred from the water to the air, thereby lowering 
the temperature of the water in the piping circuit. 


: from experience... } 
Zone valves cannot be used on a series : 
: loop system. If zone valves are installed : 
: on this type of system, hot water will flow: 


through the loop only if all of the zone 
valves are in the open position. 


HEATED WATER 
TO TERMINAL UNIT 


TERMINAL UNIT IN 
OCCUPIED SPACE 


SOURCE OF 


COOLER WATER RETURNING TO 
THE HEAT SOURCE 


FIGURE 17-39 Series loop piping circuit. 
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FIGURE 17-40 One-pipe system. 


ONE-PIPE SYSTEM 


In a one-pipe system (Fig. 17—40), one main pip- 
ing loop extends around, or under, the occupied 
space and connects the supply of the boiler back to 
the boiler’s return. Each individual terminal unit is 
connected to the main supply loop with two tees. 
(More on the tees later.) The one-pipe system is so 
named because the same pipe supplies water to the 
terminal units and carries the return water back to 
the boiler. 


Resistance to Water Flow 


Consider a portion of the piping circuit that 
includes one terminal unit and the portion of 
main loop piping between the tees shown in Fig- 
ure 17-41. The water entering the tee at point 
A flows through the tee and can leave the tee 
through either point B, which leads to the termi- 
nal unit, or through point C, which allows the 
water to continue through the main water path 
connected between the boiler’s supply and return 
pipes. Just as electric current takes the path of 
least resistance in a parallel circuit, the amount 
of water flow through the terminal unit is deter- 
mined by the relationship between the resistance 


in the terminal unit piping circuit and the resis- 
tance in the section of main loop piping between 
the tees. 


For example, if the resistance in the terminal unit 
branch is three times that of the main line loop sec- 
tion, the amount of water flow through the terminal 
unit branch will be one-third that through the by- 
pass, or main loop. If the water flow through the 
main circuit is 4 gallons per minute, 3 gallons per 
minute will flow through the main loop, while only 
1 gallon per minute is permitted to flow through the 
terminal unit (Fig. 17—42). It is, therefore, possible 


A Cc 


FIGURE 17-41 Common piping between the 
tees. Diverter tee located at the return side of the 
terminal unit. 
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FIGURE 17-42 The higher resistance at point B 
results in lower flow through that branch, while the 
lower resistance at point C results in greater flow 
through that branch. 


for all or most of the water to bypass the terminal 
unit branch if the resistance of that circuit is much 
higher than the resistance of the piping section be- 
tween the two tees. 


A number of factors must be considered when 
laying out or installing a one-pipe hot water system. 
These factors include: 


e The length of the terminal unit branch circuit 


e The length of the piping between the tees (the 
distance between the two tees) 


e The size of the piping material in the branch 
circuit 


e The size of the piping between the tees 


When dealing with one-pipe hot water systems, 
always be aware of the following: 


V The longer the pipe, the more resistance to flow 
there will be 

V The shorter the length of pipe, the lower the re- 
sistance will be 


V The smaller the diameter of the pipe, the more 
resistance to flow there will be 


v The larger the diameter of the pipe, the less re- 
sistance there will be 


V The further apart the tees are from each other, 
the more resistance to flow there will be be- 
tween them 


V The closer the tees are to each other, the 
lower resistance to flow there will be be- 
tween them 
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The Diverter Tee 


The diverter tee (Fig. 17-43), also referred to as a 
monoflo tee, is designed to increase the resistance 
to water flow in the main water loop. This increase 
in resistance will direct more water through the ter- 
minal unit branch circuit. The diverter tee is con- 
structed with a cone inside (Fig. 17-44) that, in 
essence, reduces the diameter of the pipe in the main 
loop, increasing its resistance. This pushes more wa- 
ter through the terminal unit loop. A typical loop 
using the diverter tee is shown in Figure 17-41 at 
the outlet of the terminal unit. When working with 
diverter tees, remember the following: 


vV If the terminal unit is located above the main 
hot water loop and the length of the piping in 
the terminal unit branch is not excessive (not 
too long with respect to the main hot water 
line), one diverter tee should be used on the re- 
turn side of the terminal unit (Fig. 17-41). 


"SUPPLY 


poa a Ee 
FIGURE 17-43 Diverter tee. 


FIGURE 17-44 Cross-sectional view of a diverter tee. 
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v If the terminal unit is located above the main hot 
water loop and the length of the piping in the 
terminal unit branch is excessive (too long with 
respect to the main hot water line), two diverter 
tees should be used—one on the supply side of 
the terminal unit and one on the return side 
of the terminal unit (Fig. 17-45). 


V If the terminal unit is located below the main 
hot water loop, two diverter tees should be 
used—one on the supply side of the terminal 
unit and one on the return side of the 
terminal unit (Fig. 17-46). 


vV If the terminal unit is above the main hot wa- 
ter loop, the tees should be no closer than 6 or 
12 inches, depending on the manufacturer. (Bell 
and Gossett allows them to be as close as 6 
inches, but Taco requires 12 inches.) 


V If the terminal unit is below the main hot water 
loop, the tees should be spaced as wide as the 
ends of the terminal unit or radiator. 


v If there are multiple terminal units and some 
are above and some are below the main hot 
water loop, it is best to alternate the tees. For 
example, from left to right: supply upper, sup- 
ply lower, return upper, return lower 
(Fig. 17-47). 

vZ Manufacturers place markings on the outside of 
their diverter tees so that the location of the in- 
ner cone can be identified. Be sure to install the 
diverter tees as recommended by the installa- 
tion literature. 


Sizing Diverter Tee Systems 


When sizing the diverter tees, it is important to 
know the total heating load, the requirements of 
each radiator in the system, and the temperature 
drop from supply to return. For residential appli- 
cations, a 20 degrees F temperature drop is typical. 
On a hot water system with a 20 degrees F temper- 
ature drop, each gpm of water flow will carry ap- 
proximately 10,000 Btu/hr of heat. 


Assume there is a system with a total heating 
load of 100,000 Btu/hr with a 20 degrees F temper- 
ature drop between supply and return water tem- 
peratures. Since 1 gpm will carry about 10,000 Btu/ 
hr, this system will have a water flow of 10 gpm. 
If the first radiator requires 20,000 Btu/hr, there 


FIGURE 17-45 Two diverter tees are needed if the 
radiator is located above the main loop and there is 
significant resistance in that branch. 


FIGURE 17-46 Two diverter tees are needed if the 
radiator is located below the main loop. 


FIGURE 17-47 Alternate tees if there are terminal 
units both above and below the main loop. 


should be 2 gpm of water flow through that branch 
(Fig. 17-48). The diverter tee that will facilitate the 
desired flow should be selected. 


Once the water flows through the first radia- 
tor, the temperature of the water in the main loop 
after the second tee will be somewhat lower than 
the water in the main loop before the first tee. 
The temperature of the water in the main loop after 
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2 GPM @ 180°F 2 GPM @ 160°F 


10 GPM @ 180°F 


8 GPM @ 180°F 


10 GPM @ ?°F 


FIGURE 17-48 A flow of 2 gpm is needed through 
this terminal unit. 


the second tee can be calculated using the following 
formula: 


(Flow 1) x (Temp 1) + (Flow 2) x (Temp 2) 
= (Flow 3) X (Temp 3) 
where: 
Flow 1 = the flow of liquid 1 entering the tee 


Temp 1 =the temperature of liquid 1 entering 
the tee 


Flow 2 = the flow of liquid 2 entering the tee 


Temp 2 = the temperature of liquid 2 entering 
the tee 


Flow 3 = the flow of liquid 3 leaving the tee 


Temp 3 = the temperature of liquid 3 leaving 
the tee 


Assuming that the supply water is 180 degrees F 
and the water leaving the radiator is 160 degrees F, 
we get the following: 

(8 gpm) x (180°F) + (2 gpm) x (160°F) = 
(10 gpm) x (Temp 3) 
Temp 3 = (1440 + 320)/10 
Temp 3 = 176°F 


These results are summarized in Figure 17-49. 


2 GPM @ 180°F 2 GPM @ 160°F 


>= prt beg _—__ = 
10 GPM @ 180°F 8 GPM @ 180°F 10 GPM @ 176°F 


FIGURE 17-49 The temperature of the water leav- 
ing the tee is 176 degrees F. 
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FIGURE 17-50 Two-pipe direct return system. 


TWO-PIPE DIRECT RETURN 


Two-pipe systems use two pipes (Fig. 17-50). 
One pipe, the supply, carries water to the termi- 
nal units, while the other, the return, is responsible 
for bringing the water back to the boiler. In a two- 
pipe direct return system, the terminal unit that is 
fed with hot water first is also the first to return 
its water to the boiler. Simply stated, the terminal 
unit closest to the boiler offers the least amount 
of resistance to water flow because that particular 
circuit or branch is the shortest. This statement as- 
sumes that all terminal units, baseboard sections, 
or radiators in the piping arrangement are identi- 
cal to each other. 


Consider the two-pipe direct return system in 
Figure 17-51. Water flowing through terminal unit 1 
will have to travel a distance of 24 feet after leaving 
the boiler before returning to the boiler. Water trav- 
eling through terminal units 2, 3, and 4 will have 
to travel 26, 28, and 30 feet, respectively. Termi- 
nal unit 1 will therefore have the most water flow 
through it, given the lower resistance of that piping 
branch circuit. 


To generate even and equal water flow through 
each terminal unit, balancing valves (Fig. 17-38) 
can be piped in series with each terminal unit (Fig. 
17-52). These valves are manually adjustable and, 
when properly adjusted, should be left alone. The 
valve in series with heater 1 will be closed a little 
more than the valve in series with heater 2 which, in 
turn, is closed a little more than the valve in series 
with heater 3, and so on. Closing the valves closer 
to the boiler will direct more water to the heaters 
located further from the boiler. 
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FIGURE 17-51 Water flowing through radiator #1 
must travel 24 feet, while water flowing through radia- 
tor #4 must travel 30 feet 


FIGURE 17-52 Balancing valves used to balance 
flow through the radiators. 


TWO-PIPE REVERSE RETURN 


In a two-pipe reverse return system (Fig. 17-53), the 
first heater supplied with hot water is the last heater 
to return its water to the boiler. In other words, the 
heater with the shortest supply line from the boiler 
will have the longest return line. Configured in this 
manner, the distance traveled by the water through 
the individual heaters will be exactly the same. 


Consider the two-pipe reverse return system 
in Figure 17-54. By adding the lengths of pipe be- 
tween the boiler and terminal unit 1 and from ter- 
minal unit 1 back to the boiler, the water must 
travel a distance of 31 feet (3' + 9° + 5'4+1'4+ 
1’ + 1’ + 1’ + 10’ = 31’). Similarly, the distances 


FIGURE 17-53 Two-pipe reverse return system. 


10' 
TE 
FIGURE 17-54 The length of the piping through 
any one branch is exactly the same as the length 
through any other branch. 


through terminal units 2, 3, and 4 are all 31’ as 
well. Assuming that all terminal units in the piping 
arrangement are the same, the flow through each 
heater will be the same and no balancing valves 


will be needed. 


PRIMARY-SECONDARY 
PUMPING 


In primary-secondary piping, there are two dis- 
tinct piping circuits just as there were two pip- 
ing circuits in the one-pipe arrangement that 
used diverter or monoflo tees (Fig. 17-40). 
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One main circuit flows only through the boiler, 
while the other flows through the boiler and one 
or more of the terminal units. The two circuits 
meet at the tees. The piping between the tees is 
common to both circuits. In a one-pipe system, 
there is just one circulator, so primary-secondary 
flow takes place. 


The further apart the tees are placed, the more 
likely it is that water will flow from the boiler’s 
circuit to the convector’s circuit. The more resis- 
tance there is in the main loop between the tees, 
the greater the water flow through the convector 
branch. It is the resistance in the common piping 
that affects the flow through the parallel branch. 
The key to understanding primary- secondary 
pumping is understanding the resistance in the 
piping common to both circuits. Higher resis- 
tance results in a greater pressure drop in that 
circuit, just as higher resistance in an electric cir- 
cuit results in a higher voltage drop across the 
resistance. If there is a large pressure drop along 
the run between the two tees, more water will 
flow into the branch, which is why diverter tees 
have the built-in restriction. Similarly, if the re- 
sistance between the tees is very low, there will 
be nearly no flow through the convector loop 
(Fig. 17-55). 


HIGH RESISTANCE, 
LESS FLOW 


LOW RESISTANCE, 
MORE FLOW 


RESISTANCE, 
HIGHER FLOW 


FIGURE 17-55 More resistance between the tees 
results in more flow through that radiator and vice 
versa. 
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PRIMARY-SECONDARY 
COMMON PIPING 


The transition from primary-secondary flow, as 
in the case of the one-pipe system, to primary- 
secondary pumping is made by eliminating the pres- 
sure drop between the primary and the secondary 
circuits. To accomplish this, standard tees are used 
instead of diverter tees, and the tees are piped close 
together. The section of piping located between the 
tees is, as mentioned previously, the common pip- 
ing, which is a part of both loops. 


As a rule, the shorter the common piping, the 
better the primary-secondary system will work. 
Ideally, the common piping shouldn’t be more 
than two feet long, but it can be as short as is 
physically possible. If the common piping is lon- 
ger than two feet, the resistance of the common 
piping will increase. That’s why the common pip- 
ing should be as short as possible. 


PRIMARY-SECONDARY 
CIRCUIT PIPING 


Each loop in the circuit piping contains a circulator. 
That circulator could serve something that’s either 
putting heat into the system, such as a boiler, or taking 
heat out of the system, such as a radiator. Each circu- 
lator takes care of only the circuit in which it finds it- 
self. This means that even if your system is large, your 
circulators are probably going to be small. The short 
length of common piping makes this possible. As long 
as the common piping is kept short, each circulator 
will run without being aware that there are other cir- 
culators operating within that system. You can mix 
and match circulators of different sizes and none of 
them will affect any of the others. The primary cir- 
culator, however, will run only if the secondary cir- 
culator starts. The two always run together, and the 
primary’s job is to make hot water available to the 
secondary. The secondary circulator usually removes 
only a portion of what the primary supplies. The rest 
of the primary flow continues on and mixes with the 
water that is returning from the secondary circuit. 
The result is that the water that flows back into the 
boiler is hotter than it would be if the secondary flow 
returned by itself. This layout gives systems designers 
a lot of freedom to be creative, as the following ex- 
ample shows. 


Figure 17-56 shows a primary circulator in the 
main loop and a secondary circulator that feeds wa- 
ter to the terminal units. The secondary circulator 
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FIGURE 17-56 Primary-secondary arrangement 
where one circulator feeds three radiators in the 
secondary. 


will draw hot water from the common piping, just 
as it would from a boiler, and pump that hot water 
through the three radiators that it serves. The sec- 
ondary pump treats the main loop as the heat 
source or boiler. It takes hot water from the primary 
circuit, sends it through the radiators as needed, 
and returns the cooler water to the primary cir- 
cuit. In addition, the secondary pump sees only the 


pressure drop of the piping that goes to and from 
those three radiators. 


Another possible piping arrangement is shown 
in Figure 17-57. The piping in each loop is rela- 
tively simple, and the circulators in each loop are 
small because all they have to take care of is that 
particular loop. This results in lower pressure 
drops throughout the system and reduces the ve- 
locity of the water flowing through the loops. Even 
if the system were very large, the circulators would 
stay small. 


THE CIRCULATOR PUMPS 


We have established that the primary circula- 
tor is responsible for moving water through the 
main loop, while the pumps in the loops are re- 
sponsible for moving water through the second- 
ary loops. The pressure drop in the primary loop 
will be relatively low, given that the resistance be- 
tween the tees is kept low. If the main loop circu- 
lator is on and the secondary loop circulators are 
off, water will circulate through only the primary 
loop. As water is pumped toward a tee, the water 
will bypass the loop since the resistance between 
the tees is much less than the resistance of the loop. 
The pressure drop through the common piping is 
practically nonexistent compared with the pres- 
sure drop through the secondary loop, so the pri- 
mary flow stays in the primary circuit until the 
secondary circulator starts. 


FIGURE 17-57 Primary-secondary arrangement where there are 
three separate secondary circuits, each with its own circulator. 
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FIGURE 17-58 When the secondary pump is off, 
there is no flow in the secondary loop. 


Once the circulator in the secondary loop starts, 
water will flow through that loop. How much 
water will flow depends on the pumping capacity 
of the circulators. Consider a primary circuit with 
a 20 gpm circulator and a secondary circuit with a 
10 gpm circulator (Fig. 17-58). A short length of 
common piping connects them. The primary circu- 
lator is on and the secondary circulator is off. There 
is a water flow of 20 gpm into the first tee in the 
common piping. If 20 gpm of water enters the tee, 
then 20 gpm must come out. Since the secondary 
circulator is off, all of the flow will take place in the 
primary loop. No water is going to flow through 
the secondary loop because the secondary circula- 
tor is off and the resistance of that loop is much 
higher than the resistance of the common piping. 


If the secondary circulator is turned on, too, 
20 gpm is still flowing into the first tee on the com- 
mon piping, but the flow splits with the secondary 
circulator running (Fig. 17-59). The secondary cir- 
culator moves 10 gpm of water up to the secondary 
circuit, while the other 10 gpm goes straight through 
the common piping. At the second tee, the 10 gpm 
from the secondary loop combines with the 10 gpm 
from the common piping to make 20 gpm at the out- 
let of the tee that returns the water to the boiler. 


Now let’s assume that both circulators have the 
same flow rate—20 gpm. When the primary circu- 
lator runs and the secondary circulator is off, the 
water will all flow across the common piping and 
continue on through the primary circuit (Fig. 17—60). 
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20GPM 10GPM 20GPM 


FIGURE 17-59 Water flows through the secondary 
loop when both pumps are on. 
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FIGURE 17-60 When the secondary pump is off, 
there is no flow in the secondary loop. 


Once again, the resistance of the piping circuit is 
responsible for this. When the secondary circula- 
tor starts, it draws all the water out of the first tee 
and sends it around the secondary circuit. No water 
flows across the common piping. The entire 20 gpm 
enters the second tee in the common piping and 
continues on its way (Fig. 17-61). 
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ON 


OGPM 20GPM 


20 GPM 


FIGURE 17-61 When both pumps are on and they 
have the same pumping capacity, there is no flow 
through the common piping. 


Finally, consider that the 10 gpm circulator 
is the primary circulator and the 20 gpm circulator is 
the secondary circulator. When the primary circu- 
lator is on and the secondary circulator is off, all 
the water will flow along the primary. No water 
moves through the secondary circuit, because the 
length of pipe the two have in common is so short. 
When the secondary pump starts, the secondary 
circulator will draw 20 gpm out of the first tee 
in the common piping (Fig. 17-62). The 20 gpm 
is made up of the 10 gpm entering the first com- 
mon tee from the primary circulator and another 
10 gpm from its own circuit. This portion of the 
20 gpm is moving backwards across the common 


piping. 


eeee eeececeerece rece eee eee e eee eee ee ee eee, 


from experience... } 


Refer back to the section on one-pipe 
systems for the formula used to calcu- 
late the temperature of the water that d 
leaves a tee. 


FIGURE 17-62 Water can flow through the com- 
mon piping in either direction, depending on the 
pumping capacity of the pumps. 


MIXING VALVES IN 
PRIMARY-SECONDARY 
PUMPING 


One of the many benefits of primary-secondary pip- 
ing systems is that each loop can be used to supply 
water at different temperatures to different zones, 
depending on the system requirements. For example, 
one part of the structure may be heated with base- 
board and need 180 degrees F water, and another 
portion of the structure may have radiant heat, cov- 
ered later in this text, and require water at 110 de- 
grees F. The tees in the primary-secondary piping 
circuit act as mixing valves. The temperature of the 
water leaving a tee can be calculated in a manner 
similar to that used in the one-pipe system using di- 
verter tees. Just like hot water and cold water are 
mixed in the kitchen sink to supply warm water, the 
water leaving the tee will be cooler than the hot wa- 
ter and warmer than the cold water. Carefully se- 
lecting the size of the pumps in both the main loop 
and the secondary loops will help achieve the de- 
sired water temperatures in each loop. 
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EXPANSION TANKS IN 
PRIMARY-SECONDARY 
SYSTEMS 


It was determined earlier that the best configu- 
ration for the expansion tank and circulator was 
to have the circulator on the supply side of the 
boiler, pumping away from the point of no pres- 
sure change at the expansion tank. In primary- 
secondary systems the same holds true, so it may 
seem logical to have an expansion tank in each 
circuit that has a circulator. Such is not the case. 
The primary pump is pumping away from the 
compression tank, but the secondary circulator 


Photo by Eugene Silberstein. 


ey 
FIGURE 17-63 Indirect water heater. The white lines 
highlight the domestic eater path. The red lines high- 
light the boiler zone that heats the water in the tank. 
E}; 
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does not have a separate compression tank in its 
circuit. 


When the water in the secondary circuit 
gets hot and expands, the “extra” water moves 
into the primary circuit, where the compres- 
sion tank is. Because of this, the common piping 
will always be the secondary circulator’s “point 
of no pressure change” or, to put it another way, 
its “compression tank.” Therefore, whenever 
possible, systems should be piped so that the 
secondary circulator pumps into the secondary 
circuit, and away from the common piping. 


DOMESTIC HOT 
WATER 


In addition to providing the heat for a hydronic 
heating system, a boiler can also be used to heat the 
domestic hot water using either an indirect water 
storage tank or a tankless hot water heating coil. 
The indirect hot water storage tank has an internal 
heat exchanger that hydronic fluid from the boiler 
flows through on a separate zone loop (Fig. 17-63). 
An aquastat in the storage tank controls the boiler. 
A tankless hot water heating coil is a heat ex- 
changer installed in the hydronic fluid jacket of the 
boiler that connects to the hot water pipes of the 
house (Fig. 17—64). The benefit of using a boiler to 
provide both the heat for the hydronic heating sys- 
tem and domestic hot water is that it’s one heating 
appliance serving two functions. The boiler elimi- 
nates the need for a separate hot water heater. 


Photo by Eugene Silberstein. 


FIGURE 17-64 Tankless water heater circuit. 
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RADIANT HEATING 
SYSTEMS 


The concept of radiant heat differs a great deal 
from that of forced air, which was discussed in 
earlier chapters. Forced air, or convective, heat- 
ing systems rely on blowers to create convection 
currents that carry the heat-laden air to the de- 
sired location through duct systems. Radiant heat 
systems, on the other hand, concentrate on heat- 
ing the shell of the structure or occupied space as 
opposed to the air within that space. In addition, 
the calculations for radiant heating are entirely 
different from those for convective heating. The 
purpose of convective heating is to determine the 
rate of heat loss from the room by conduction, 
convection, and radiation when maintained in the 
desired condition; radiant heating involves the 
regulation of the heat loss per square foot from 
the human body. 


THE HUMAN BODY 
IS A RADIATOR 


Under normal conditions, the human body pro- 
duces approximately 500 Btu/hr. Each Btu is the 
amount of heat it takes to raise the temperature of 
one pound of water one degree Fahrenheit. Refer 
back to the beginning of the text for more on this. 
The body only requires 100 Btu to remain alive. 
The rest of this heat must be shed, making the body 
act as a radiator. By controlling the rate at which we 
shed heat, we can control our comfort level. Giving 
up heat too fast will make us feel cold; giving up 
heat slowly or not at all will make us feel hot and 
uncomfortable. 


COLD 70 


Cold 70 is the feeling one gets when there’s a big 
difference between the temperature of the air in a 
room and the temperature of the surfaces in that 
room. This phenomenon is very common and you 
experience it every time you do your grocery shop- 
ping. In your neighborhood supermarket, you will 
find the cereal aisle, the frozen-food aisle, and the 
deli counter. The temperature in each of the aisles 
is exactly the same, but you feel cold in the fro- 
zen food aisle. That’s the phenomenon of Cold 70. 


The air temperature in the frozen food aisle and 
the temperature of the surrounding surfaces in the 
same aisle are wildly different from each other, 
and your body is very quick to give up heat to the 
cooler surfaces in that aisle. This is what makes 
you cooler in the frozen food aisle. In a similar 
manner, you feel warmer when you get close to 
the chicken rotisserie at the deli counter. That’s 
because the rotisserie is hotter than you are. It’s 
radiating heat at you and it’s also preventing your 
body from losing its own heat, making you un- 
comfortably warm. The concepts behind radiant 
heat are intended to provide ideal comfort. 


WHAT IS IDEAL COMFORT? 


We have seen that our bodies react to the temper- 
atures of the surfaces surrounding us. If our bod- 
ies can shed and absorb heat at a controlled rate, 
we will be comfortable. Typically, a room that is 
about 68 degrees F permits us to shed the extra 
400 Btu/hr that our body generates. Temperatures 
higher than that will prevent us from releasing the 
heat, resulting in an uncomfortable feeling. On the 
other hand, temperatures colder than 68 degrees F 
will cause the rapid release of heat from our body, 
making us feel cold. Ideally, then, the occupied 
space should be approximately 68 degrees F, with 
the exception of the areas closer to the floors and 
ceiling. Since the human body loses a great deal 
of heat from the feet, the floor should be some- 
what warmer, about 85 degrees F, and the space 
by the ceiling can be cooler. Figure 17-65 shows 
a cutaway of a room and the temperature changes 
as we go from the floor to the ceiling. This repre- 
sents an ideal temperature pattern, which is very 
closely simulated by radiant heat. The heating pat- 
terns generated by baseboard heating and forced- 
air heating systems are similar to those shown in 
Figure 17-66. 


THE RADIANT SYSTEM 


Like hot water hydronic systems, radiant heating 
systems rely on the circulation of hot water through 
a series of piping arrangements located in the oc- 
cupied space. There are three main differences be- 
tween the two systems. First is visibility. In radiant 
heating systems, the piping used to carry the heat- 
laden water is hidden in the floors, walls, and/or 
ceilings of the structure and is, therefore, not visible 
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HEATING CURVE 


Courtesy of Uponor Wirsbo. 
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FIGURE 17-65 Heating curve for a radiant system compared to an ideal 


comfort chart. 


to the occupants. The second major difference is the 
piping material used. Instead of using copper pipe 
to carry the hot water to the occupied space, radi- 
ant heating systems often use plastic polyethylene 
tubing, more commonly known in the industry as 
PEX tubing. PEX tubing (Fig. 17-67) is flexible and 
can be installed easily using a minimum of fittings 
(Fig. 17-68). The third difference is the tempera- 
ture of the water required by the system. Typi- 
cal hot water hydronic systems circulate water in 
the 180 degrees F range. Radiant heating systems 
circulate water with an average temperature of 
110 degrees F. 


RADIANT HEATING PIPING 


Most radiant heating piping systems being installed 
in new residences are located in the floor, but radi- 
ant heat can be installed in walls and ceilings as 
well. This text will concentrate on floor installa- 
tion. Following are a few options for installing the 
tubing for radiant systems: 


e Slab on grade 
e Thin slab 
e Dry 
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Courtesy of Uponor Wirsbo 
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FIGURE 17-66 Heating curve for a forced-air heating system 
compared with an ideal comfort chart. 


Courtesy of Uponor Wirsbo. 


FIGURE 17-67 PEX tubing. 


Slab on Grade 


The slab-on-grade configuration is the popular 
choice for new construction projects that will 
have concrete floors. Since the concrete has not 
yet been poured, the tubing for the radiant heat 
loops can be located within the concrete slab it- 
self. The PEX tubing is secured to the steel re- 
inforcement mesh in the floor using either wire 
straps or plastic clips (Fig. 17-69) to hold it in 
place when the concrete is poured. Generally, the 
tubing will be on 12-inch centers on these jobs. 
Near a cold surface such as a window, the dis- 
tance between the tubes should be less. Insula- 
tion should be placed under the concrete slab to 
increase the effectiveness of the system. If pos- 
sible, at least 1-inch thick polystyrene should 
be used. The edges of the concrete slab should 
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Courtesy of Uponor Wirsbo. 


FIGURE 17-69 Cutaway of a slab-on-grade radi- 
ant piping layout. 


have more insulation, since the heat tends to mi- 
grate toward the cooler walls. The goal is to keep 
the heat toward the center of the room where the 
people are. 


m PIOREO EEEE FOF LTTE TOT . 
: from experience... 


When securing PEX tubing to the steel 
reinforcement mesh, be sure to use clips 
: or straps that are approved for use with 
the particular tubing being used. Using 
incorrect strapping materials can result 
< in chemical reactions that will damage 
the tubing. 


eocececeeerecec eee eee eee 


. 
eeece 


In addition, there should always be a va- 
por barrier under the slab. It can be polyeth- 
ylene and should be at least 6-mil thick. The 
main purpose of the vapor barrier is to keep the 
ground water from robbing the slab of its heat. 
The distance between the tubing and the top of 
FIGURE 17-68 Fittings used to connect the slab is not critical, but the lower the tubing 
PEX tubing. is from the top of the slab, the higher the water 
temperature will have to be. 


(C) 


Courtesy of Uponor Wirsbo. 
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: from experience... 


: While pouring the concrete, it is good 
< field practice to pressurize the tubing to 
at least 50 psig. This will prevent the tub- 
] ing from collapsing and will also make d 
finding leaks much easier. It is better to 
pressurize with air rather than water, if at 
all possible, since leaking air will not af- - 
fect the composition of the concrete. 


UNDER-SLAB INSULATION 


The Earth’s temperature can be in the low to mid 
50°F range even in moderate climates. Radiant floor 
hydronic fluid temperatures typically range from 
90 degrees F to 110 degrees F, so heat energy will flow 
from the slab to the cooler ground. A minimum of 
4 inches of rigid foam insulation is needed beneath ra- 
diant heated slab to prevent excessive heat loss and im- 
prove the efficiency of the system. The heating system 
installer doesn’t typically install under-slab insulation 
but should advise the building team to have a special- 
ist do so before the radiant tubing is set in place. 


Thin Slab 


When the radiant system is to be installed in an ex- 
isting structure (Fig. 17-70), the tubing can be sta- 
pled to the top of a frame floor and concrete poured 
to a thickness of approximately 11⁄ to 2 inches with 


Courtesy of Uponor Wirsbo. 
= HHMI] 
FIGURE 17-70 Cutaway of a thin-slab radiant 


piping layout. 
E) 


a minimum of % inch of concrete over the tubing. If 
this option is being considered, make sure the fram- 
ing can handle the extra weight. 


CAUTION 


If weight is a definite issue, there are alternatives 
to standard concrete. Gypsum concrete, a mixture of 
very fine sand, gypsum, cement, and bonding agents, 
is lighter than regular concrete. For a thin slab instal- 
lation of 1% inches concrete, the gypsum concrete will 
weigh about 13 pounds per square foot compared 
with the 18 pounds per square foot for regular con- 
crete. One good thing about this alternative is that, 
because it is so thin, it levels itself. The main draw- 
backs are that it is more expensive than concrete and 
that it will leak through any holes in the floor. One 
other alternative to concrete is Portland-base cement 
mixed with a material called a super-plasticizer and a 
couple of other agents. This material costs about one- 
third of what gypsum concrete costs. 


Concrete-Free Installations 


Another option for installing radiant systems is to 
staple the tubing under the floor instead of laying it 
on top in a bed of lightweight or gypsum concrete. 
This is a less expensive way to get the job done. Usu- 
ally on a staple-up job, tubing is attached right to the 
bottom of the floor (Fig. 17-71) by placing a staple 


Courtesy of Uponor Wirsbo. 


SS 
FIGURE 17-71 Cutaway of a staple-up radiant 


piping layout. 
(a) 
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every six inches or so. The tubing should be in contact 
with the floor because the heat transfer starts as con- 
duction and becomes radiant only when it enters the 
room where the people are. The heat has to conduct 
through the walls of the tubing and enter the floor. 
The main drawback to this configuration is that only 
a thin edge of the tubing actually touches the floor 
in contrast to the entire surface of the tubing being 
in contact with the concrete slab. As a result, it will 
be necessary to circulate hotter water through the 
tubing arrangement to compensate for poor thermal 
contact between the tubing and the floor. 


: from experience... 


Insulate the space below the tubing 

to R-11 if the room below the floor is 
heated. Use R-19 over an unheated base- 
ment, and R-30 over a crawl space. The 
colder the space below, the greater the 
insulation should be. 


a i 
d 
. 
. 
. 
. 


: from experience... 


With this type of installation, you must 
also use foil-faced insulation to bounce 
the radiant energy off the tubing and up 
onto the bottom of the sub-floor so the 
top of the finished floor heats evenly all 
the way across. It's also crucial that you 
leave several inches of airspace between 
the tubing and the foil, so the radiant 
waves of energy can diffuse down within 
the joist bay and bounce back up onto the 
underside of the floor. 


CAUTION 
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When considering a staple-up radiant heating 
system under a wood floor, keep the following in 
mind: 


V The best type of wood for hydronic radiant 
floor heating is laminated softwood with a 
layer of hardwood on top. 


Y Nonlaminated or solid wood flooring is a poor 
choice, because the floor will expand and con- 
tract, likely causing the wood to crack. 


v Installing “floating floors” will reduce the 
chance of the floor cracking as a result of the 
expanding and contracting of the wood. 


V Narrower floor boards are less likely to warp. 


V Avoid tarpaper in the floors. It emits a very bad 
odor when heated. 


V Keep the wood floor no warmer than 85 degrees F 


TUBING 


Several kinds of tubing are available to bury 
or staple up. PEX is cross-linked polyethylene 
(Fig. 17-67) with a great track record for success- 
ful installations both here and in Europe. One of 
the benefits of PEX tubing is that it has memory, 
so if it becomes kinked, it will return to its origi- 
nal shape when heated. The linking of the mol- 
ecules in PEX tubing varies from manufacturer 
to manufacturer and from PEX type to PEX type. 
The “cross-linking” happens in the manufacturing 
process, and how the manufacturer chooses to do 
that affects the properties of the final product. 


Various types of PEX tubing include PEX- 
A, PEX-B, and PEX-C, which have manufactur- 
ing differences, but have all been approved for use 
by the American Society for Testing and Materials 
(ATSM). Always weigh system requirements when 
selecting the type of PEX tubing to be used on a 
particular job. Other materials that can be used are 
PEX/Aluminum PEX, polybutylene, and rubber. 


MANIFOLD STATION 


The manifold station (Fig. 17-72) is where all the 
supply and return tubes come together at the mani- 
fold. In a poured concrete slab, it is important that 
all of the tubes penetrate the slab within the confines 
of future wall locations. Miscalculations at this stage 
of the project can result in having some or all of the 
tubes penetrating the floor outside the finished wall. 
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Courtesy of Danfoss. 


FIGURE 17-72 Radiant manifold. 
——————— es 


The tubes that extend from the slab must be prop- 
erly supported while the concrete is actually being 
poured. In addition, they should be protected from 
kinking at the point where they bend up into the 
wall. Template blocks and bend supports are used 
for these purposes. The template block (Fig. 17-73) 
holds the tubes, and the bend supports are sections 
of tubing into which the tubing is fed. 


WATER TEMPERATURE 
AND DIRECT PIPING 


The desired floor temperature in a radiant system 
is about 85 degrees F, so the temperature of the 
water flowing through the piping circuit does not 
need to be higher than 120 degrees F and, in many 
cases, as low as 100 degrees F. If the particular 
boiler is being used to supply water only to the 
radiant loop, a direct piping system can be used. 
The direct piping arrangement is similar to that 
discussed at the beginning of this chapter, but the 
temperature of the supply water is much lower. In 
this case, the water is heated to 105 degrees F, cir- 
culated through the radiant system, and returned 
to the boiler at 90 degrees F. One major problem 


FIGURE 17-73 Template block and bend supports. 


with this configuration is that, if the temperature 
of the return water is lower than the temperature 
at which the flue gases condense, there will be con- 
tinuous condensation, which will result in damage 
to the chimney, flue pipe, and heat exchanger in 
the boiler. Since electric boilers do not have flue 
gases, they can be used as the heat source for ra- 
diant systems without the possibility of damage 
caused by condensing flue gases. Some other com- 
mon piping configurations are discussed next. 


Bypass Lines 


A bypass line can alleviate the problem of damage to 
the boiler if the water returning to it is below the tem- 
perature at which the flue gases will condense. The 
bypass line takes some of the hot water that leaves the 
boiler and blends it with the water that’s coming back 
from the radiant loop. This increases the temperature 
of the water returning to the boiler. The piping dia- 
gram of this arrangement is shown in Figure 17-74. 


. ecscocooooooooo 


from experience... 


- Most boiler manufacturers include simple: 
drawings of bypass piping arrangements 
with their installation-and-operating 
instruction booklets. 


eoeeceerec eee oe ec eee eee eee, 
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FIGURE 17-74 Bypass loop. 


Thermostatic Bypass Valves 


The previous section explained the bypass line and 
how it is used to increase the temperature of the 
water returning to the boiler. The one drawback of 
a bypass line is that it is not automatic. The ther- 
mostatic bypass valve is an automatic device that 
protects the boiler against low-temperature water. 
It has three ports and contains a thermostat simi- 
lar to the one in a car’s radiator. The thermostat 
keeps the boiler water circulating around the boiler 
until the water reaches a certain minimum temper- 
ature and then lets the water out into the system 
(Fig. 17-75). 


SUPPLY 


RETURN 


FIGURE 17-75 Thermostatic bypass valve. 


Thermostatic Mixing Valve 


Some radiant systems can use a thermostatic mix- 
ing valve to ensure that the temperature of the wa- 
ter feeding the radiant loop is at the desired level. 
The mixing valve has two inlets—one hot and one 
cold—as well as one outlet. As the hot and cold 
water enter the valve, they mix, and the resulting 
temperature of the water at the outlet is some- 
where between the temperature of the cold water 
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180°F 
THERMOSTATIC 
MIXING VALVE 


= 160°F 


FIGURE 17-76 Thermostatic mixing valve. 


RADIANT LOOPS 


and the temperature of the hot water. If almost no 
cold water is entering the valve, the temperature 
of the water leaving the valve will be close to the 
hot water temperature. Similarly, if almost no hot 
water is entering the valve, the temperature of the 
water at the outlet will be very close to the temper- 
ature of the cold water. The thermostatic mixing 
valve automatically opens and closes the hot and 
cold inlets to obtain the desired temperature at the 
outlet of the valve. When used to control the tem- 
perature of a radiant system, the piping arrange- 
ment might look something like Figure 17-76. 


In this configuration, the boiler is supplying 
water at 180 degrees F to the thermostatic mix- 
ing valve. Only a small amount of this water is 
actually flowing through the mixing valve; most 
is being returned to the boiler. The water tem- 
perature at the outlet of the radiant loop is 90 
degrees F, and the desired temperature of the wa- 
ter at the inlet of the radiant loop is 110 degrees F. 
This will cause the hot water port on the mixing 
valve to open slightly so some of the 180 degrees 
F water will mix with the 90 degrees F water to 
reach the desired temperature of 110 degrees F at 
the outlet of the mixing valve. If the temperature 
at the outlet of the radiant loop dropped to 80 
degrees F, the hot water port on the mixing valve 
would open more to keep the temperature at the 
inlet of the radiant loop at 110 degrees F. The 
amount of water that leaves the radiant loop and 
flows back to the boiler is exactly the same as the 
amount of hot water that enters the loop through 
the mixing valve. 
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Primary-Secondary Pumping with 
High- and Low-Temperature Circuits 


In the event that the structure has both high- and 
low-temperature circuits, the same boiler can 
be used to service both requirements by using a 
primary-secondary configuration. Assume that one 
zone in the house is heated by a radiant loop and 
two other areas are heated by high-temperature 
baseboards. By taking the secondary high-tempera- 
ture loops off the primary, the operation of the radi- 
ant zone is not affected (Fig. 17-77). 


In Figure 17-77, water at 180 degrees F is be- 
ing supplied to the first high-temperature base- 
board loop and the temperature being supplied 
to the second baseboard loop is very close to 180 
degrees F as well. Each of these baseboard circuits 
has its own circulator, just like the primary-second- 
ary pumping system described earlier in the chapter. 
The water in the main loop after the two baseboard 
loops is approximately 165 degrees F, because of 
the heat given up by the baseboard. At the thermo- 
static mixing valve, the 165 degrees F water will 
mix with the water at the outlet of the radiant loop 


to give us water at 110 degrees F at the inlet of the 
radiant loop. In addition, if the radiant portion of 
this system feeds multiple radiant zones, automatic 
valves can be used to close off individual branches 
of the radiant portion of the system. 


INSTALLING AND 
STARTING THE 
HYDRONIC SYSTEM 


Installing and putting a hot water hydronic sys- 
tem into operation involves a number of steps that 
include: 


e Setting and installing the boiler 
e Installing the piping 

e Wiring the unit 

e Filling the system 


e Starting up the system 


165°F 
THERMOSTATIC 
MIXING VALVE 


10°F 


ia 160°F 


FIGURE 17-77 Primary-secondary pumping system used for both high- 
temperature and low-temperature water loops. 


Copyright 2011 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


INSTALLING THE BOILER 


When setting and installing the boiler, keep the fol- 
lowing in mind: 


Y Make certain the boiler is level. 


V Locate boiler as close as possible to the chimney. 


VZ Make certain the flue piping is installed accord- 
ing to the manufacturer’s literature. 


Y Make certain that the amount of air introduced 
to the area around the boiler is sufficient for 
combustion and dilution. 


vJ Make certain all packing material has been re- 
moved from the boiler. 


V Install the pressure relief in the tap specified by 
the manufacturer. 


V Provide enough clearance around the boiler for 
future service. 


Z Make certain that a disconnect switch is located 
on or very close (within 2 feet) to the boiler. 


y Check the combustion of the boiler on initial 
startup. 


V Properly set the pressure-reducing valve prior 
to filling. 

¥ Properly check and adjust the air pressure in 
the expansion tank prior to filling the system. 


INSTALLING THE PIPING 


When installing the piping circuit, keep the follow- 

ing in mind: 

V Keep vertical piping vertical and horizontal 
piping horizontal. In addition to ensuring the 
proper alignment of fittings and components, 
customers will appreciate a neat-looking job, 
and so will you and your boss. 


v Try to keep the number of fittings to a mini- 
mum. Excess fittings increases the cost of the 
job and the chance of water leakage. 


V For the sake of neatness and ease in wiring, 
group similar components, such as circulators 
or zone valves, together. Keep them at the same 
height and have them all pointing in the same 
direction. Neatness counts! 


VJ Use lots of valves. Although this increases 
the cost of the materials for the job, time and 
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money will be saved when it comes time to per- 
form service in the future. Valves placed before 
and after a circulator, for example, will save the 
technician the trouble of draining the entire sys- 
tem to change a defective impeller. 


vV Properly support the piping and components 
to avoid sagging. 

V Dry-fit pipe fittings prior to soldering. This avoids 
excessive measuring, recutting, and soldering. 

V Leak check all tubing (radiant heat systems) 
prior to pouring concrete! 


WIRING THE SYSTEM 


When wiring the system, keep the following in mind: 


Y Color code the wires whenever possible to 
avoid confusion and incorrect wiring. 

V Read and follow the wiring diagrams supplied 
with the individual components to ensure their 
safe and proper operation. 


J Make certain that individual components will 
operate properly when used in conjunction with 
other components. 


V Ensure that the controls being used are de- 
signed to perform the desired tasks prior to 
installation. Many electronic controls cannot 
be returned once they have been either removed 
from the package or installed. 


V Follow all local electric and fire codes regarding 
wiring methods used. 


v All wiring should be located above piping in the 
event of a water leak. This will prevent water 
from leaking onto the wires. 


FILLING THE SYSTEM 


Before filling the system, calculate how much water 
pressure you need to lift water to the highest point in 
the system. To do this, determine the distance between 
the circulator and the highest pipe in the system. Re- 
member that 1 psig of water pressure will lift water 
2.3 feet straight up, no matter what size the pipe is. 


When you know how much pressure you need to 
fill the system, add 3-psi pressure to that so there will 
be some pressure at the highest point. This additional 
pressure will help compensate for errors in calcula- 
tion as well as help remove air from the system. 
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Check the air pressure inside the compression 
tank (diaphragm-type expansion tanks). The air 
pressure should equal the pressure you plan to use 
on the water side of the diaphragm. Check the air 
pressure before installing the tank and filling the 
system with water. If you wait until there is water 
inside the tank you will not be able to get an accu- 
rate reading on the air side of the diaphragm. 


Refer to Procedure 17-4 on page 609 for step-by- 
step instructions for filling and purging the system. 


FIRING THE SYSTEM 


When starting up the system, keep the following in 
mind: 


V Check the operation of all safeties on initial 
startup. 


V Test the operation of all circulators, zone valve, 
thermostats, etc. 


y Make certain the thermostats control the opera- 
tion of the correct zone valves and circulators. 


y Make certain that the boiler cycles on and off 
on the aquastat. 


v Test the operation of all safety controls. 
v Test the combustion efficiency of the boiler. 


ZY Determine carbon dioxide and carbon monox- 
ide levels and compare them with acceptable 
levels. 


SUMMARY 


e Hydronic systems circulate hot water or steam 
to the occupied space for heating purposes. 


e Hot water is typically generated in the boiler, 
which can be gas-fired, oil-fired, or electric. 


e Cast iron boilers are made up of bolted sections 
that form the heat exchange surface. 


e Water temperature in the boiler can be main- 
tained by the aquastat or reset control. 


e The low-water cutoff cycles the boiler off in the 
event that the water level falls below a safe level. 


e The expansion tank allows for the expansion of 
heated water. 


The point where the expansion tank is con- 
nected to the system is referred to as the point 
of no pressure change. 


The centrifugal pump is responsible for circu- 
lating the water through the system and is lo- 
cated so that it pumps away from the point of 
no pressure change. 


Air in the system is removed using air separa- 
tors and air vents. 


The pressure-reducing valve opens and closes to 
maintain the desired water pressure in the sys- 
tem. It is also piped into the system at the point 
of no pressure change. 


The pressure relief valve is a safety device that 
opens to relieve system pressure if it rises above 
the preset limit. 


Flow-control valves prevent gravity flow through 
hot water loops when the circulators are off. 


Zone valves are used to control water flow to 
different zones in the structure to maintain dif- 
ferent temperatures in those areas. 


Common piping configurations include the 
series loop system, one-pipe system, two- 
pipe direct return, and two-pipe reverse 
return. 


One-pipe systems use monoflo or diverter tees 
to balance water flow. 


Two-pipe direct return systems often use bal- 
ancing valves to evenly distribute water flow 
through each branch. 


Primary-secondary pumping systems use 
circulators in both the primary and 
secondary loops. 


The secondary loop uses the primary loop as 
the expansion tank. 


Radiant heat systems require low water tem- 
peratures in the range of 105 degrees F to 120 
degrees F. 


Radiant heating systems often use mixing 
valves to maintain the desired water 
temperature. 


Primary-secondary systems can be used to pro- 
vide both high-temperature water for base- 
board terminal units and low-temperature 
water for use in radiant loops. 
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GREEN CHECKLIST 


Boilers are rated by their Annual 
Fuel Utilization Efficiency, AFUE 


The higher the AFUE, the lower 
the equipment losses 


AFUE ratings can range from 85 
to 99 percent 


Outdoor reset adjusts the boiler 
water temperature based on the 
outside ambient temperature 


As the outdoor temperature rises, 
the boiler water temperature drops 


The operating efficiency of hot water 
hydronic systems will be higher if air 
is removed from the system 
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Zoning allows different areas in 
a structure to be maintained at 
different temperatures, saving fuel 


Hot water lines that pass through 
unconditioned spaces should be 
insulated to reduce heat loss from 
the system 


Radiant heating systems function 
to heat the shell of the structure 
instead of the air contained 
within the structure 


Insulation should be installed 
below the slab when installing 
radiant heating systems to reduce 
heat loss and improve system 
efficiency 
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Determine the number 
of linear feet of each 
size type M copper 
pipe used in the piping 
system. 

Multiply the number 
of linear feet used by 
the appropriate 
volume factor in the 
figure. The volume 
factor provides the 
number of gallons of 
water per linear foot 
of the corresponding 
piping material. 

Add up all of the 
products obtained in 
the previous step. This 
will provide the 
number of gallons of 
water contained in 
the piping circuit, not 
including the 
radiators. 

Referring to the 
radiator manufacturer's 
literature, determine 
the volume 

of water contained in 
the radiators. If the 
manufacturer's 
literature is not 
available, estimate 

1 gallon of water for 
each radiator. Standing 
cast iron radiators will 


Volume Factor 
Tubing Size/Type (Gallons/Foot) 


x" Type M Copper 0.01319 


%" Type M Copper 0.02685 


1” Type M Copper 0.0454 


1%" Type M Copper 0.06804 


1%” Type M Copper 0.09505 


2" Type M Copper 0.1647 


require a higher 
estimate. Add this 
estimate to the total 
obtained in the 
previous step. 

Obtain the volume of 
the boiler from the 
manufacturer's 
literature. If this 
information is not 
available, estimate 1 
to 2 gallons for a 
small copper tube 
boiler, or 10 to 15 
gallons for a cast iron 
sectional boiler. Add 
this figure to the total 
obtained in the 
previous step. This 
result is an estimate of 
the volume of water 
contained in the 
system. 
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Consider the piping 
diagram in the figure. 


The total footage of 
1-inch type M copper is 
290 feet. 

The total volume for the 
1-inch type M copper 

is 290 X 0.0454 = 
13.17 gallons. 

The total footage of 
3/4-inch type M copper 
is 100 feet. 

The total volume for the 
3/4-inch type M copper 
is 100 x 0.02685 = 
2.685 gallons. 

The total footage of 
1/2-inch type M copper 
is 40 feet. 

The total volume for the 50' OF 3/4" 
1/2-inch type M copper | 
is 40 X0.01319 = 

0.53 gallons. 

All radiators are the same 
and according to the , 
manufacturer's literature, = a a | $ 
each radiator holds 0.75 - 1" | 

gallons of water. We 


will also assume an l l 
extra 0.25 gallons of > According to the boiler 


water for the piping manufacturer, the volume 
that connects each of the cast iron boiler is 
radiator to the main 14 gallons. 

lines. This gives us a e Adding the values from 
total of 1 gallon of the previous steps gives 
water for each radiator. us a total estimate of the 
Eight radiators, each volume of water in the 
with 1.0 gallon of system (Vs) in gallons of 
water, gives us 8.0 water: 

gallons. 


Y 
4 


20' OF 1/2" 


13.17 + 2.685 + 0.53 + 
8.0 + 14.0 = 38.4 gallons 
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PROCEDURE 17-3 


= 


Calculating the Minimum Volume (Vt) for the 


Expansion Tank 


e Determine the initial temperature of 
the cold water entering the boiler (Tc) 

e Determine the density of the cold 
water (Dc) using the following 
formula: 


Dc + 62.56 + 0.0003413(Tc) 
— 0.00006255(Tc2) 


Determine the maximum operating 
temperature of the water in the 
boiler (Th) 

Determine the density of the hot 
water (Dh) using the following 
formula: 


Dh + 62.56 + 0.0003413(Th) 
— 0.00006255(Th2) 


Estimate the volume of water in the 
system (Vs) using the previous 
procedure. 

From the boiler’s data sheet, 
determine the system's pressure relief 
valve, Prv, setting (psig) 

Determine the air side pressure 
setting in the expansion tank (refer 
back to the text for this calculation) 
Substitute the values for Dc, Dh, Vs, 
Prv, and Pa in the following formula 
to obtain the required minimum 
volume for the expansion tank: 


Vt = Vs [(Dc/Dh) — 1] [(Prv + 9.7) / 


(Prv — Pa — 5)] 


Measure the difference 
between the height of 
the circulator and the 
height of the highest pipe 
in the system 

Divide that result by 2.3 
Add 3 psig to the new value 
This figure is the desired 
system pressure 

For systems with 
diaphragm-type 
expansion tanks, check 
the air pressure inside the 
compression tank 

The air pressure should 
equal the calculated 
system pressure 

Adjust the pressure in the 
expansion tank as needed 
(a bicycle tire pump 
works well) 


When first filling this system, 
close the main shutoff valve 
and open the boiler drain on 
the first supply-pipe tee to 
purge the air 


Keep all zones closed 
except one 

Use the fill valve to blow 
the air from that one 
zone. The water flows 
first through the system 
and then into the bottom 
of the boiler. The air will 
be pushed through the 
system piping, through 
the boiler, and out from 
the boiler drain at the top 
of the boiler. 


Repeat the previous two steps 
for the next terminal unit 
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AIR BEING 
PURGED 


PRESSURE | 
REDUCING CLOSED 
VALVE 


WATER SUPPLY TO 
STRUCTURE 


AIR BEING 
PURGED 


OPEN 
Sf CLOSED —_- CLOSED 


PRESSURE | 
REDUCING oe 
VALVE \ 


WATER SUPPLY TO 
STRUCTURE 


Repeat the previous steps for each of the 
remaining zones in the system 
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REVIEW QUESTIONS 


a. The temperature of the water in the 
boiler will change from 170 degrees 


1. Which of the following is true 
regarding cast iron boilers? 


a. The capacity of the boiler will F to 190 degrees F 
decrease as the number of sections b. The temperature of the water in the 
is increased boiler will change from 170 degrees 
b. They typically hold between 10 and F to 150 degrees F 
15 gallons of water c. The temperature of the water in the 
c. They are desirable because they boiler will remain unchanged 
are not affected by long periods of d. Both a and b are correct 
exposure to dissolved air 
d. All of the above are correct 4. When referring to the aquastat 
settings, which of the following 
2. The system component that is correctly represents the relationship 
responsible for maintaining the between the cut-in temperature, 
water in the boiler at the desired cut-out temperature, and 
temperature is the differential? 
a. Aquastat a. Cut in — Cut out = Differential 
c. Bypass valve c. Cut out = Cut in — Differential 
d. Expansion tank d. Cut in = Cut out + Differential 
3. If the hydronic system is equipped 5. Which of the following is most 
with a reset control and the outside likely to occur if a hot water — 
temperature increases from 20 hydronic system is installed with an 
degrees F to 50 degrees F, which of undersized expansion tank? 
the following is possible? a. The water temperature in the boiler 


will be higher than desired 


b. The water temperature in the boiler 
will be lower than desired 


c. The relief valve will open prematurely 


d. The pressure-reducing valve will fail 
to feed water to the boiler 


6. As the water temperature in the 
boiler increases 


a. The air pressure in the expansion 
tank will increase 


b. The expansion tank will contain a 
larger volume of air than before the 
water was heated 


c. Both a and b are correct 
d. Neither a nor b is correct 
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7. The only point in a hot water 


hydronic system where the 
circulator cannot affect the pressure 
in the system is 


a. The point where the return pipe 
enters the boiler 


b. The point where the expansion tank 
is connected to the piping circuit 


c. The point where the water is 
discharged from the circulator 


d. The point where water from the 
structure is introduced to the boiler 


. Which of the following can result 
in a vacuum being pulled in the 
piping circuit if the expansion 
tank has an air pressure of 12 psig 
and the pump creates a 15-psig 
differential between the pump’s 
inlet and outlet? 


a. Both the expansion tank and the 
circulator are in the return line where 
the circulator is located between the 
boiler and expansion tank pumping 
toward the boiler 


b. Both the expansion tank and the 
circulator are in the supply line 
where the circulator is located after 
the expansion tank pumping away 
from the boiler 


c. Both the expansion tank and the 
circulator are in the supply line 
where the circulator is located 
between the expansion tank and the 
boiler pumping away from the boiler 


d. All of the above are correct 


. A pump that has a pressure 


differential across it of 20 psig has 
a head of 


a. 8.7 feet 
b. 20 feet 
c. 46 feet 
d. 92 feet 
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10. As the height of the hot water 

piping in a system gets higher 

a. The required air pressure in the 
expansion tank will increase 


b. The required air pressure in the 
expansion tank will decrease 


c. The density of the water will 
increase 


d. The density of the water will 
decrease 


11. Installing the circulator so that it 


pumps away from the point of no 


pressure change will 
a. Result in the highest possible 


pressure at the outlet of the pump 


for that system 


b. Help keep air bubbles in solution at 


the higher pressure 


c. Help prevent air from being pulled 


into the system resulting from a 
vacuum condition 


d. All of the above are correct 


12. It is required by law that all hot 


water boilers be equipped with a 


a. Pressure-reducing valve 
b. Pressure relief valve 

c. Air separator 

d. Automatic air vent 


13. If the pressure in a hot water 
boiler rises above safe limits 


a. The pressure relief valve will close 

b. The pressure relief valve will open 

c. The pressure reducing valve will 
open 

d. Both b and c are correct 
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14. 


15. 


16. 


17. 


18. 


SECTION 4 


Troubleshooting 


A structure that has separate areas, 
each with its own means to control 
the temperature in 

that area, 


a. Has a series loop heating system 
b. Has only one thermostat 

c. Is a zoned system 

d. All of the above are correct 


Gravity flow through loops can be 
eliminated by using a 


a. Zone valve 

b. Flow-control valve 

c. Both a and b are correct 
d. Neither a nor b is correct 


Two-pipe direct return systems 
have the advantage that 


a. The flow through all of the branches 
is exactly the same 


b. The first terminal unit being fed 
water is the last one to return to the 
boiler 


c. The distance through each branch 
circuit is exactly the same 


d. None of the above is correct 


The benefit of the series loop 
systems is that 


a. The flow through each terminal unit 
can be controlled separately 


b. This system is economical to install 


c. Zone valves can be located at each 
terminal unit 


d. All of the above are correct 


If a one-pipe system has a section 
of baseboard located below the 
main loop 


a. One diverter tee should be located on 
the return side of the terminal unit 


19. 


20. 


21. 


22. 


b. One diverter tee should be located 
on the supply side of the terminal 
unit 

c. Two diverter tees should be used 

d. No diverter tees are needed 


On a one-pipe system, placing the 

tees very close together will 

a. Increase the resistance between the 
tees and increase the flow through 
the terminal unit 

b. Decrease the resistance between the 
tees and decrease the flow through 
the terminal unit 

c. Decrease the resistance between the 
tees and increase the flow through 
the terminal unit 

d. Increase the resistance between the 
tees and decrease the flow through 
the terminal unit 


In a two-pipe reverse return system 


a. Balancing valves are typically not 
needed 


b. The first terminal unit supplied is the 
last one to return 


c. Both a and b are correct 
d. Neither a nor b is correct 


In a primary-secondary pumping 
configuration 


a. The resistance between the tees 
should be as low as possible 


b. There is only one circulator 
c. All tees used should be diverter tees 
d. All of the above are correct 


Why is an expansion tank not 
required in the secondary loops 
of a primary-secondary pumping 
configuration? 


a. The water in the secondary loops 
will not expand when heated 
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b. The secondary loops will use the 24. Radiant heat systems are sized to 


primary loop as the expansion tank a. Compensate for the heat lost by 
c. The circulator in the secondary the occupied space 

circuit would pump all of the water 

into the expansion tank 


d. Both a and b are correct 


b. Regulate the heat loss of the 
occupants of the occupied space 


c. Both a and b are correct 


. . d. Neither a nor b is correct 
23. Ina primary-secondary pumping 


configuration, if a secondary pump 

has a higher capacity than the 

primary pump 

a. There is a possibility that water will 
flow through the common piping in 


MEP posite cireciion temperature needs to be 


Br Ae Syetetinealet work b. The PEX tubing spacing is typically 
c. The secondary loop will be pulled 12 inches on center 


into a vacuum 


d. The primary pump will turn in the 
opposite direction 


25. Which of the following is true 
regarding a slab-on-grade radiant 
piping circuit? 

a. The deeper the tubing is in the 
concrete, the higher the water 


c. There should be a vapor barrier 
under the slab 


d. All of the above are correct 


KNOW YOUR CODES 


The requirements for installation of heating equipment vary greatly from area to 
area. Here is a brief list containing some of the items that need to be considered 
when installing a heating appliance: 


e Proximity of heating appliance to combustible or flammable materials 
e Insulation of pipes in unconditioned spaces 

e Automatic water fill piping and valving arrangements 

e Low water cutoff controls 

e Material selection and usage 

e Appliance venting guidelines 


How many of these do you know about? Investigate the rules, laws and 
guidelines that are in effect for these items as well as for other important 
installation considerations you might have thought of. Report your findings to 
your classmates and colleagues so everyone can learn! 
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WHAT’S WRONG WITH THIS PICTURE? 


Carefully study Figure 17-78 and think about what is wrong. Consider all possibilities. 


WRONG 


FIGURE 17-78 When installing a relief valve on a piece of hydronic equipment, there are two things to 
keep in mind. The size of the relief port should not be reduced and the outlet of the relief valve should be 
pointing down with a section of pipe connected to it. This way, in the event the relief valve opens, the high 
temperature water is directed downward and severe personal injury can be avoided. 


FIGURE 17-79 Notice that the pipe size has not been reduced and that the relief valve has a 
downward-pointing pipe connected at the relief valve’s outlet. 
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adapter a fitting designed to 
adapt one pipe or fitting to 
another portion of a piping system 


aerator a removable threaded 
housing for a screen attached 
to a faucet spout that creates 

a uniform flow stream. Many 
are available in a 0.5 gallon per 
minute (gpm) style to adhere to 
water conservation objectives 


air admittance valve a one- 
way valve that allows air to enter 
a DWV system; used in place 

of a vent that would normally 
terminate with another vent or 
through a roof; abbreviated as AAV 


air gap an unobstructed vertical 
space from a device outlet to a 
point where water could backflow 
into a piping system 


Allen screw a size-specific 
screw used to secure drill bits 

and saw blades to their operating 
component; requires a compatible 
Allen wrench to loosen and tighten 


anode rod a device installed in a 
water heater to protect the inside 
of a storage tank from corrosion 


anti-siphon a device that 
prevents siphoning of contaminants 
into a piping system 


aquifers geologic formations 
containing water 


backfill loose soil placed into an 
excavated area; also called fill 


backflow the dangerous reversal 
of flow in a piping system that 
can contaminate the system 


back siphon an occurrence caused 
by a vacuum in a piping system 


band iron a thin, perforated 
metal strapping sold in rolls and 
used to support pipe 


ball valve a type of isolation 
valve used in most piping systems 


bell an enlarged end of a pipe or 
fitting that receives another pipe 
end or fitting; also called a hub or 
socket 


bend an offset made in tubing 
on a job site; also called a 
manufactured offset fitting 


bit an abbreviated term to 
describe a drill bit 


boiler drain a drain outlet on 
a water heater used to drain the 
storage tank; has a garden hose 
connection 


brackish lowland water close to 
the ocean; has high salt content 


branch piping of a DWV system 
that is connected to the main 
portions of a system 


branch interval the vertical 
distance along a stack equal 
to one-story height, but no 
less than 8’; also the area 
where horizontal branches are 
connected to a stack 


branch vent a vent that 
connects one or more individual 
vents with a stack vent or vent 
stack 


brazing a welding process used 
without flux to weld copper tube; 
also known as silver soldering 


building drain the lowest 
horizontal main drain of a DWV 
system; conveys wastewater to a 
building sewer 


building sewer the main pipe 
that conveys wastewater from 
building drain to the point of 
disposal 


burner the main flame assembly 
that externally heats water in a 
gas water heater 
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bushing a compact reducing 
fitting that is inserted into a 
fitting hub (socket) 


BW80 the abbreviation for bath 
waste and overflow drain assembly 
used on bathtubs 


carpenter an individual who 
installs the wood framing or other 
woodwork 


cheater an unsafe method of 
gaining extra leverage when using 
a tool 


check valve a one-way direc- 
tional device installed to protect 
the reversing flow of water in a 
piping system 


chuck the rotating portion of a 
hand drill in which a drill bit is 
inserted 


chuck key a tool designed to 
loosen and tighten the drill chuck 


circuit vent a special vent 
serving at least two, but 

no more than eight, fixture 
traps; begins at its connection 
to a horizontal branch and 
terminates at its connection 
with the vent stack 


cleanout a DWV fitting installed 
to clear obstructions from a drain 
or sewer 


closet bend a specially designed 
90° fitting used as the last fitting 
of a drainage system serving a 
water closet (toilet); one side is 4” 
and the other is 3” 


closet bolts non-corrosive bolts 
inserted into a closet flange to 
anchor the toilet to the drainage 
system 


closet flange also called a toilet 
flange; it is installed to connect a 
toilet to the drainage system 


collector a device which heats 
water in a solar water-heating 
system; also called a panel 


combo the abbreviated term 
meaning a combination of a DWV 
wye fitting and eighth bend (45°) 
fitting 


common vent a vent serving 
two fixture drains located on the 
same floor and connecting either 
at the same height or at different 
heights to the drain 


compacting the process of com- 
pressing loose soil placed back in 
a trench; also known as tamping 


compression a type of connec- 
tion used for water distribution 
tubing 


continuous waste a drain 
assembly used to connect a 
double-bowl kitchen sink to a 
single p-trap 


coupling a sleeve that connects 
two equal-sized pipe ends to form 
a continuous pipe 


custom a term which defines 
homes with fixture upgrades 


custom home a house built 
with fixtures upgraded from the 
basic fixtures installed in a spec 
home 


D-box the trade name for 
distribution box 


developed length the distance 
a pipe is installed along the 
centerline of all pipe and fittings 


distribution box a fabricated 
box or structure to distribute 
effluent to drain field or other 
designated location 


diverter a device that routes 
the water from a tub spout to a 
showerhead or from a showerhead 
to a handheld shower unit 


drafting triangle a drafting 
tool used to illustrate straight 
or angled lines 


drain the portion of a drainage 
system that is installed on the 
interior of a building 


drain field the area of 
installation for perforated piping 
to drain wastewater (effluent); 
also called leach field 


drainage fixture unit (dfu) 
abbreviated as dfu, it is based on 
the rate of flow into a drainage 
system from a plumbing fixture 
used to size pipe; measured 

in gallons per minute or liters 
per second 


drainage waste and vent 
(DWV) a complete system 
draining soil, waste, and 
wastewater to a point of disposal; 
circulates air within the system 


drawings blueprints 


elbow a fitting used to create an 
offset; also called a bend 


effluent the wastewater that 
has been separated from solids, 
but may contain dissolved sewage 
solids 


electrolysis a corrosion process 
caused by directly connecting 
dissimilar metals 
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element an electrical heating 
device that internally heats water 
in an electric water heater 


escutcheon a flange installed 
around a pipe to conceal pipe 
penetrations through a wall, floor, 
or ceiling 


expansion tank a device 
installed in a cold water piping 
system to absorb the expansion 
caused by heating water 


female a fitting with internal 
threads that screws onto a male 
fitting 


filter an accessory that removes 
particulates from water, but does 
not purify water 


finish the color or polish of a 
faucet, drain assembly, or other 
fixture trim item 


fitting an item in a plumbing 
system that is connected to 
piping or another fitting to 
achieve a desired offset or specific 
connection 


fixture branch a pipe draining 
two or more fixture drains to a 
stack or other drains; in some 
piping configurations, it can also 
be known as a horizontal branch 


fixture drain a drain from 

a trap serving a fixture that is 
connected to another pipe; also 
called a waste arm in some design 
applications 


fixture group a bathroom 
consisting of a tub or shower, 
toilet, and lavatory 


flashing a weather-tight sealing 
component installed around vent 
pipes penetrating a roof 


floor joist a horizontal wood 
board used to support plywood or 
other flooring material 


flue the entire pipe system 
exhausting fumes from a gas water 
heater 


flush the process of cleaning a 
piping system with air or water 
pressure 


flux a chemical paste used to 
solder copper tube 


foam-core a type of non-pressure 
DWV plastic pipe that has a solid 
outer layer, a cellular foam middle 
layer, and a solid inner layer 


gas cock a type of isolation valve 
used in a gas distribution system 


gate valve a type of isolation 
valve used mostly in a water 
distribution system 


half bathroom a bathroom 
consisting of only a toilet and 
lavatory 


high limit a safety device on 
all water heaters to protect from 
overheating water 


horizontal branch a pipe 
connecting two or more fixture 
drains or fixture branches to a main 
portion of a drainage system; in 
some piping configurations, it can 
also be known as a fixture branch 


hose bibb a device available 

in numerous designs to serve as 
a water distribution outlet; has 

a garden hose connection; often 
called a sillcock 


hose outlet the point where a 
hose can be connected to a faucet 
or boiler drain 
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hub an enlarged end of a pipe or 
fitting that receives another pipe 
end or fitting; also called a bell or 
socket 


hydraulic gradient the 
vertical distance (rise) from the 
trap weir to the centerline of the 
connecting vent fitting 


individual vent a vent serving 
one fixture trap that terminates 
to open air or is connected with 
another vent; can serve more 
than one trap in some design 
applications, such as common 
venting 


instantaneous a water heater 
that does not use a storage tank; 
may also be called tankless 


International Plumbing 
Code (IPC) a model code 
developed by the International 
Code Council (ICC) designed to be 
amended and adopted by a state 
code or city 


interval a value equal to one- 
story height, but not less than 8’; 
relates to a branch connecting to 
a stack 


isolate the process of separating 
a portion of a piping system by 
turning a valve or device 


isolation valve general term 
describing that a valve isolates a 
system or portions of a system 


isometric view a three dimen- 
sional view of a piping system 
indicating the scope of work 


joint the point connecting a pipe 
and fitting to each other or to 
fixtures 
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joist a horizontal board that 
is part of a complete framing 
system; categorized as floor and 
ceiling joists 


knock-out a manufactured 
portion of a sink or garbage 
disposer designed to be removed 
by an installer to install a faucet 
or dishwasher drain hose 


lanyard an approved shock- 
protective line attached to a 
safety harness and fixed to a 
secure point or lifeline rope 


load-bearing the portion of a 
structure that bears its weight, 
such as a load-bearing wall 


load-bearing wall describes a 
wall that supports a portion of the 
structure above 


loop vent a special vent similar 
to a circuit vent except that it 
terminates connecting to a stack 
vent instead of a vent stack and is 
used only on a top floor or at the 
highest branch interval 


lug a designated raised portion of 
a valve used in place of a handle 
and operated with a wrench or tool 


male a fitting with external 
threads that screws into a female 
fitting 


nominal diameter the size 

of pipe and fittings used to order 
materials; does not indicate exact 
diameter 


nut driver a size-specific tool 
used to tighten or loosen nuts, 
similar to a screwdriver 


offset describes all change of 
direction fittings or the routing of 


a piping system other than being 
installed straight 


open air points to outside a 
building or structure; typically 
describing a vent through roof 
(VTR) 


open-end wrench a sizes- 
pecific tool used to tighten or 
loosen nuts and bolts 


OSHA Occupational Safety and 
Health Administration; mandates 
safety and health regulations 


P-trap a non-restrictive fitting 
installed at each fixture that 
does not have an integral trap; 
uses a water seal to prevent 
sewer gases from entering 
occupied areas; often called a 
trap; see also trap 


partition a non-load-bearing 
wall designed to separate rooms, 
not to support a structural load 


perc test the trade name for 
percolation test; a method to 
evaluate percolation conditions 
of soil 


percolation the natural drainage 
ability of soil; also known as perc 


pilot the flame of a gas water 
heater that ignites gas entering a 
burner assembly 


pipe often used to describe 
all pipe, tube, and tubing, but 
is defined as any rigid or hard 
materials that would break 

if flexed more than 2% of its 
diameter 


plan view a view of a design 
from the top; also known as a 
bird's-eye view 


point-of-use water heater a 
small-capacity water heater 
installed close to the fixture 
utilizing the water heater 


pop-up a drain assembly 
for lavatory sinks and bidets; 
abbreviated as PO 


port opening an opening 

in a fixture, such as a drain or 
overflow hole that receives drain 
assemblies, to connect the fixture 
to the drain system 


potable water water that is 
free from impurities that could 
cause disease; safe for human 

consumption 


pressure-reducing valve 
(PRV) a device used to reduce 
the incoming pressure to a system 
or portion of a system 


procure the process of receiving 
material through ordering or 
gathering 


purification a process to 
cleanse water to ensure that it 
is potable 


radius half the diameter of a 
circle; relates to the bend of a 
fitting or tubing 


reactionary valves devices 
that react to certain conditions 
within a system to provide 
protection, such as backflow, 
pressure, and temperature 


reduced-pressure zone 
(RPZ) valve a reactionary 
device that protects a potable 
water system from the possible 
backflow of undesired water 
from a connected portion of the 
system 
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reducer a fitting used to 
connect two different pipe sizes 
together. Reducer is different from 
bushing but accomplishes the goal 
of reducing a pipe size 


relief valve a device that 
relieves a storage tank or piping 
system of dangerous conditions 
such as pressure and temperature 
or both 


relief vent a pipe circulating 
air between a drainage and a vent 
system; has several specific areas 
of installation and is sized based 
on its use 


riser diagram an isometric view 
or a side view of a large portion or 
detailed area of a piping system; 
typically utilized to reflect several 
stories of a building 


rough abbreviation of the term 
drain rough-in; describes the 
distance to the center of a toilet 
from the wall behind the toilet 


rough-in the phase of con- 
struction before finish or trim 
phase when all piping is installed 
in floors, walls, and ceilings 


rough-in sheet the information 
pertaining to specific installation 
requirements or other unique 
characteristics of a fixture 


sanitary cross a four-way 
fitting that has limited use in 

a DWV system. It has the same 
compact design as a sanitary tee 
fitting 


sanitary tee a compact 
threeway fitting that has a 
sanitary flow pattern and has 
limited use in a DWV system 


schedule the classification of 
pipe indicating its wall thickness 


section view a view, usually 
detailed, of a design from the 
side; also known as a side view 


septic tank a fabricated holding 
tank or structure to contain 
sewage and solids 


sewer the portion of a drainage 
system that is installed on the 
exterior of a building 


shank the portion of a drill bit 
that is secured in a drill chuck 


side view a view of a design 
from the side; also known as a 
section view 


silver solder a metal filler used 
to braze copper tube; it has high 
silver content and is in stick form 


sketch an illustration focusing 
on a certain portion of an area or 
piping system 


slab a concrete floor that defines 
a building design and does not 
have a crawlspace or basement 


slip joint a type of drainage 
connection between the rough-in 
stub out and the tubular p-trap 


slope an upward or downward 
installation used to install 
drainage or venting piping 


socket an enlarged end of a pipe 
or fitting that receives another 
pipe end or fitting; also called a 
bell or hub 


socket a size-specific tool used 
to tighten or loosen nuts and 
bolts; uses a ratchet handle for its 
operation 
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soil stack a vertical pipe 
conveying wastewater that 
contains fecal matter; the same 
pipe as a waste stack; can be 
installed with horizontal offsets 


solder a metal filler supplied in 
roll form to solder copper tube; 
it cannot contain more than 2 
percent lead 


soldering the process of welding 
copper tube using flux and solder 


spec home a house built with 
average construction quality and 
product selection 


stack a vertical pipe that is at 
least one story in height; can be 
installed with horizontal offsets 


stack vent a vertical pipe that 
is connected to a soil or waste 
stack; extends to open air or is 
connected with another approved 
vent; can be installed with 
horizontal offsets 


stop a type of isolation valve 


stop-and-waste valve an 
isolation valve that also has the 
capability to manually drain the 
isolated portion of the system 


street a type of offset fitting 
in which one end has the same 
outside diameter as a connecting 
pipe or fitting 


stub out a pipe that serves 
a fixture installed during the 
rough-in phase of construction 


stud a vertical board to erect 
walls; 2” X 4” and 2” X 6” are 
the two most common sizes in 
residential construction 
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submittal data indicating the 
type of fixture to be used and its 
unique characteristics; sometimes 
includes installation information 


swing joint a fitting arrange- 
ment that creates an offset using 
two fittings 


T&P valve a combination 
temperature- and pressure-relief 
valve 


T&S faucet abbreviation for a 
combination type faucet serving a 
tub and shower unit 


tankless a water heater 

that does not store water in a 
storage tank; may also be called 
instantaneous 


tee a three-way fitting used to 
connect a branch pipe with a main 
portion of a piping system and is 
ordered based on the size of all 
three sides 


terminal a point where an 
electrical wire is connected to a 
device; also referred to as post 


test ball a testing accessory that 
is injected with air after being 
inserted into a drainage pipe to 
allow the system to be filled with 
water 


test cap a testing accessory used 
to seal a pipe for testing a DWV 
system; several types are available 


test plug a testing accessory 
that is inserted into a pipe end for 
testing purposes; several types are 
available 


test tee a testing accessory that 
is installed in a DWV system to 
complete a test and can also be 


installed to serve as a cleanout in 
a vertical DWV pipe 


thermocouple a heat-sensing 
device to ensure that a gas water 
heater pilot flame is ignited 


thermostat a regulating device 
to control the temperature of a 
water heater 


trap a non-restrictive fitting or 
device installed at each fixture 
using a water seal to prevent 
sewer gases from entering 
occupied areas; see also P-trap 


trap adapter a specialty fitting 
installed to connect a DWV 
stubout pipe to a p-trap, also 
called a desanco 


trap distance the distance 
a trap weir is located from its 
protective vent 


trench an installation area below 
ground created by excavating soil; 
also known as a ditch 


torch a tool that is ignited to 
create a flame to solder or braze 
copper tube 


trim refers to items that have 
chrome or other finishes 


trim-out the finish phase of 
construction when fixtures are 
installed; also known as trim 


tube an item less rigid than pipe, 
but more rigid than tubing; often 
referred to when ordering copper, 
for example, copper tube 


tubing flexible or non-rigid 
materials that can deflect more 
than 2% of its diameter without 
breaking; often referred to as pipe 


tubular a pipe that is smaller 
in diameter and has a thinner 
wall thickness than that used for 
drainage piping 


type used to specifically 
describe different copper tube 
specifications and to differentiate 
between various materials, for 
example, Type M copper tube 

or types of plastic pipe. It is 
capitalized to emphasize that it is 
referring to a specific tube, such 
as Type K copper compared to any 
other type of pipe 


Uniform Plumbing Code 
(UPC) a model code developed 
by the International Association of 
Plumbing and Mechanical Officials 
(IAPMO) designed to be amended 
and adopted by a state or city 


union a three-piece fitting 
installed in a piping system to 
provide access without cutting 
the pipe and also used as a 
termination of the piping system 
to a piece of equipment 


vacuum breaker a reactionary 
device that breaks a vacuum in 

a piping system when unsafe 
backflow conditions are present 


vacuum-relief valve a type of 
vacuum breaker that is commonly 
used on a water heater that is 
piped with a side inlet 


vent a pipe dedicated to 
providing airflow, so that a 
drainage system can breathe 


vent stack a vertical vent pipe 
that receives other vents and 
terminates to open air or with 
stack vent; can be installed with 
horizontal offsets 
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wall stud a vertical wood board 
or other material used to build a 
wall 


wallboard a material that 
provides a finished wall surface 
over the wall structure; gypsum 
board (drywall) is the most 
common type used in residential 
construction 


waste arm a horizontal fixture 
drain that begins with the vent 
connection and terminates at the 
fixture connection 


waste stack a vertical pipe 
conveying only wastewater; the 
same pipe as a soil stack; can be 
installed with horizontal offsets 


wastewater water that does not 
contain sewage; term plumbers 
often use instead of the term 
effluent 


water closet another name for 
a toilet 


water distribution the entire 
potable water piping system, 
relates to hot and cold water 
systems; often refers to only 
interior systems, and different 
from water service piping 


water distribution system 
though an entire system is 
distributing water, this refers to 
the piping inside a house 


water service the piping on 
the exterior of a building that 
connects the potable cold water 
source, such as a water meter, to 
the interior water piping system in 
a building 
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water supply fixture unit 
(wsfu) used to determine the 
flow from a faucet into a plumbing 
fixture, and one wsfu is equal to 
one gallon per minute (3.79 liters) 


wax seal a seal that ensures 
water does not leak and sewer 
gases do not escape when 
connecting the toilet to the 
drainage system 


weir the portion of a p-trap 
where the water flow crests from 
the trap and enters the connecting 
horizontal drain 


wye a three-way DWV fitting 
with the branch connection being 
45° from the main portion of the 
fitting 
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Note: Items in bold indicate table or figure entry. 


A 


Abbreviations, 237-238, 
239-243 

Above-ground layout, 281, 
282 


edge form layout procedure, 
289-291 

fixture locations, 282, 283 

floor joist conflicts, 282-283, 284 

manufacturer rough-in sheet, 
286-287 

wall layout, 284-286 


ABS fittings, 106 

ABS pipe, 72. See also Plastic 
pipe 

Adapters, 85, 91 

Adjustable wrenches, 9-10 

Aerator, 162, 175 


Air admittance valve, 381, 391 
sizing, 413-414 


Air compressors, 58 

Air cushion, 566, 572 

Air gap, 115, 126 

Air separators, 566, 577-578 


Air vents, 566, 577-578 
manual air vent, 566 


Allen screw, 41, 52 
American Society for Testing 
and Materials (ASTM), 67 
Angled jaw pliers, 9 
Anode rod, 194, 218 
water heaters, 220 


Anti-siphon, 115, 125 
Aquastat, 566, 570, 571 
Aquifers, 296, 297 
Architectural blueprints, 


243-245 
symbols, 245-250, 251, 252 


Architectural symbols, 
245-250, 251, 252 

Auger bits, 50 

Automatic air vent, 566, 578 

Aviation snips, 15 


B 


Backfill, 296 

Backflow, 115, 121 

Back siphon, 115 

Back siphoning, 123 

Bagging and tagging, 272, 
273 

Balancing valve, 566, 582, 583 

Ball peen hammer, 11 

Ball valves, 115, 117-118 

Band iron, 4, 15, 344 

Band saws, 56 

Baseboard heaters, 566 

Baseboard sections, 587 


Basin wrenches, 17 
use of, 37 

Basket strainers 
kitchen sink, 184, 186 
laundry sink, 185, 186, 187 


Basket strainer tools, 17-18 
Bathrooms. See also Lavatory 
sinks 
bathtubs. See Bathtubs 
guest bathroom layout, 441 
half bathroom layout, 444, 
445-446 
master bathroom layout, 443, 
443-444 
showers. See Showers 
toilets. See Toilets 
Bathtubs, 148, 149, 150 
drain assemblies, 180, 181, 182 
faucets, 168-173 
layout and sizing, 328-330, 
330-332, 452, 454 
Bell, 85, 89 
Bend, 85, 86 
Bidets, 156 
drain assemblies, 187, 188 
faucets, 178 
installation of, 490 
Bit, 41, 47. See also Drill bits 
Blueprints 
abbreviations, 237-238, 239-243 
architectural blueprints, 243-245 
symbols, 245-250, 251, 252 
symbols 
architectural, 245-250, 
251, 252 
generally. See Symbols 
Boiler drain, 115, 123-124 
Boilers, 566, 569. See also 
Hydronic heating 


systems 
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Boiler/water feed valve, 566, 


578 
pressure relief valve, 580, 580 


Brackish, 296, 300 
Branch, 296, 307, 381, 388 
Branch interval, 381, 390 


Branch vent, 381, 390 
sizing, 409, 411 


Brass fittings, 96-97 

Brass pipe, 78 

Brazing, 322, 341, 350, 
370-371 

Building drain, 381, 385, 


447, 448 
sizing, 403, 405, 406 
and vent stack connection, 426 


Building sewer, 381, 385 
Burner, 194, 206 
Bushings, 85, 90, 91 
BW&0, 162, 180 


C 


Cap symbols, 235, 236 

Carpenter, 268, 282 

Cast-iron fittings, 106-107 

Cast-iron pipe, 76 

Centrifugal pumps, 566, 575 

Chain wrenches, 10 

Chalk box, 23 

Cheater, 4 

Check valves, 115, 128-129 

Chisels, 16-17 

Chuck, 41, 46 

Chuck key, 41, 46 

Circuit, 518 

Circuit breaker, 518, 525 

Circuit vent, 381, 390, 391 

Circular saws, 54-55 

Circulator, 566, 575 

Cleanouts, 85, 102, 103, 
381, 386 


drainage, waste and vent systems, 


386 

positioning at base of stacks, 
422-423 

symbols, 235 


Clips, 342 


Closed loop, 566, 568 
Closet bends, 85, 103 
Closet bolts, 476, 480 
Closet flanges, 104, 476, 480 
Coil operated air vent, 578 
Cold 70, 594 
Cold chisels, 16-17 
Collector, 194, 216 
Combination pliers, 9 
Combo fittings, 85, 100 
Common vent, 381, 389 
Communications, 269 
oral communications, 270-271 
written communications, 269-270 
Compacting, 296 
Compass saw, 14 
Compounds and sealants, 341 
brazing, 350, 370-371 
flaring copper, 351, 372-375 
flexible tubing 
connection types, 353-354 
working with, 351, 352 
flux, 341, 348 
manifold systems, 352, 353 
Material Safety Data Sheets, 344 
pipe dope, 341, 345, 347, 348 
plastic pipe 
cutting, 354 
solvent-welding, 354, 376-377 
working with, 351, 352 
solder, 322, 341, 348 
silver solder, 322 
soldering, 322, 341, 349 
copper, 365-369 
silver, 341, 349 
Compression, 476, 478 
Compression tank, 566, 593 
Concrete drop-in anchor, 342 
Continuous waste, 476, 486 
Copper fittings, 95-96 
Copper flaring, 351, 372-375 
Copper flaring tool, 19-20 
Copper pipe cutters, 18-19 
Copper soldering, 365-369 
Copper stub-out bracket, 345 
Copper stub-out pipe, 345 
Copper tube, 74-75 
Copper tubing bender, 20-21 
Corrugated stainless steel tube 
(CSST), 79-80 
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Corrugated stainless steel 
tubing fittings, 107 

Couplings, 85, 89 

CPVC fittings, 95 

CPVC pipe, 71-72. See also 
Plastic pipe 

Crimping tool, 22 

Curved claw hammer, 11 

Custom, 140, 156 

Custom home, 162, 163 


D 


D-box, 381, 418 
Developed length, 381, 415 
Diaphragm-type expansion 
tank, 566, 572 
Direct-return, 566, 587 
Dishwashers, 199-100 
installation of, 488 
Distribution box, 381, 418 
Diverter, 162, 168 
Diverter tee, 566, 585 
Drafting, 250-251 
isometric drafting, 258-261, 262 
riser diagrams, 262-263 
triangles, 252-254, 255 
tools. See Drafting tools 
Drafting paper, 256-257, 258 
Drafting tools, 251 
scale ruler, 251-252, 253 
symbol templates, 255-256, 257 
triangles, 230, 252-254, 255 
Drain, 66, 70, 85, 381, 387 
symbols, 237, 239 
Drainage, waste and vent 
(DWV) systems, 67, 
83-84, 326, 380, 383 
ABS fittings, 106 
air admittance valve sizing, 413-414 
air vents, 566 
manual air vent, 566 
aquastat, 566 
bathrooms 
guest bathroom layout, 441 
half bathroom layout, 444, 
445-446 
master bathroom, 443, 443-444 
bathtub layout, 452, 454 
branch vent, 381, 390 
sizing, 409, 411 
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Drainage (Continued) 
building drain, 381, 385, 447, 448 
sizing, 403, 405, 406 
and vent stack connection, 426 
building sewer, 381, 385 
cast-iron fittings, 106-107 
circuit and loop-vent sizing, 409- 
411, 412 
circuit vent, 390, 391 
cleanouts, 85, 102, 103, 381, 386 
positioning at base of stacks, 
422-423 
closet bends, 85, 103 
closet flanges, 104, 476, 480 
combination waste and vent, 
393-394, 395 
combo fittings, 100 
continuous waste, 425 
corrugated stainless steel tubing 
fittings, 07 
crown venting, 430 
fittings, 97-107 
closet bends, 103 
fixture branch, 381, 388 
sizing, 401, 403 
fixture drain, 381, 387, 388 
sizing, 400-401, 402 
fixture rough-in, 449 
hangers, 458-459, 460-461 
heel inlet 90°, 103, 104 
horizontal branch, 381, 388-389 
sizing, 401, 403 
individual vent, 381, 389-390, 
407, 409, 410 
sizing, 407, 409, 410 
island venting, 394, 396, 428-429 
sizing, 414-415, 416 
kitchen sink layout, 442, 452, 453, 
455, 455-456 
laundry room layout, 446, 447 
lavatory layout, 450, 452, 453 
layout considerations, 438-439 
bathtub, 452, 454 
building drain, 447, 448 
fixture rough-in, 449 
guest bathroom, 441 
half bathroom, 444, 445-446 
kitchen sink, 442, 452, 453, 455, 
455-456 
laundry room, 446, 447 
lavatory, 450, 452, 453 
master bathroom, 443, 443-444 
scope of work, 440-441 
shower pan, 458, 459 
toilets, 450, 451 
venting system, 448, 449 


washing machine, 455, 457, 
457-458 
loop vent, 381, 390, 391 
major segments, 384-386 
master bathroom layout, 443, 
443-444 
minor segments, 386-392 
pipes 
connections to dissimilar pipe, 
462, 464 
pipe protection, 459, 461, 
462-463 
P-traps, 85, 104-105, 382 
PVC fittings, 105-106 
relief vent, 382, 391, 392, 401 
sanitary crosses, 85, 101 
sanitary tees, 85, 100, 101 
scope of work, 440-441 
septic systems, 417-421 
sewer 
sizing, 403, 405, 406 
shower pan, 458, 459 
shower pan liner installation pro- 
cedure, 468-470 
sizing, 394-400 
air admittance valve sizing, 
413-414 
branch vent sizing, 409, 411 
building drain and sewer sizing, 
403, 405, 406 
circuit and loop-vent sizing, 
409-411, 412 
fixture branch and horizontal 
branch sizing, 401, 403 
fixture drain sizing, 400-401, 
402 
individual vent sizing, 407, 409, 
410 
island vent sizing, 414-415, 416 
stack vent and vent stack sizing, 
405, 407, 408 
unlisted fixture sizing, 424 
waste stack sizing, 401, 403, 
404 
wet-vent sizing, 413 
stack vent, 382, 385-386 
supports, 458-459, 460-461 
wood for pipe support, 471 
testing, 463, 464, 465-466 
test tees, 102 
toilets, 450, 451 
trap adapters, 85, 105, 382, 401, 
476, 483 
trap distance, 382, 415-417 
twin elbows, 101, 102 
venting system, 448, 449 


vent stack, 382, 386 
and building drain connection, 
426 
vent-stack and waste-stack con- 
nection, 427 
vent through roof layout proce- 
dure, 467 
washing machines, 455, 457, 
457-458 
waste stack, 382, 385 
sizing, 401, 403, 404 
waste-stack and vent-stack con- 
nection, 427 
wet venting, 392-393 
wet-vent sizing, 413 
wye fittings, 99 
Drainage fixture units (dfu), 
381, 386 


Drain assemblies, 179 

bathtub drain assemblies, 180, 
181, 182 

bidet drain assembly, 187, 188 

kitchen sink basket strainers, 184, 
186 

laundry sink basket strainers, 185, 
186, 187 

lavatory drain assemblies, 
179-180 

shower drains, 182, 183, 184, 185 


Drain field, 381, 419 
Drawings, 230 


Drill bits, 49 
auger bits, 50 
hole saw bits, 51-52 
masonry bits, 52, 53 
power bore bits, 51 
speed bits, 50-51 
step bits, 53 
twist bits, 49, 50 
Drilling and notching, 333 
hangers, 339-341, 342-347 
hole diameter, determining per- 
centages of, 361-362 
hole saw finished surface drilling, 
60 
joists, 336-338, 339 
supports, 339-341, 342-347 
walls, 333-336 


Drills, 46 
bits. See Drill bits 
hammer drill, 48, 49 
hole hawg, 48 
pistol drill, 47 
right angle drill, 47 
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Dust masks, 28 
DWV. See Drainage, waste and 
vent (DWV) systems 


E 


Ear protection, 45-46 

Effluent, 381, 417 

Elbow, 85, 86 

Electrical safety, 42 

Electric water heaters, 211, 
212-216. See also Water 


heaters 
draining, 542-543 
electrical source, 525 
electrical tests, 526-528 
heating elements, 523-524 
high-limit device, 520-521 
installation of, 492 
screw-in element replacement, 
544-546 
thermostats 
lower thermostat, 521-522, 523 
upper thermostat, 521, 522 
troubleshooting, 520 
electrical source, 525 
electrical tests, 526-528 
heating elements, 523-524 
high-limit device, 520-521 
lower thermostat, 521-522, 523 
upper thermostat, 521, 522 
Electrolysis, 85, 92 
Element, 194, 212 
EPA standards, 300 
water filtration, 303 
water quality, 302 
Equipment 
symbols, 237, 239 
Escutcheons and stops, 115, 
119-120, 121, 162, 169, 
476 
installation of, 477-479 
installation onto a copper stub- 
out pipe, 495-497 
Expansion tanks, 194, 218, 
566, 572 
hydronic heating systems, 
572-575 
minimum volume, calculation 
of, 608 
primary-secondary pumping, 593 


standard expansion tank, 572 
water heaters, 221, 222 
replacement of, 554-556 


Eye protection, 24-25 
F 


Face protection, 25, 26 
Fall protection, 45 


Faucets, 161, 163-166 
bathtub and shower faucets, 
168-173 
bidet faucets, 178 
kitchen sink faucets, 173-175, 
176 
laundry sink faucets, 175, 176, 
178 
lavatory faucets, 166, 167, 168 
installation of cultured-marble 
faucet, 501-507 
Feet of head, 566, 576 
Female adapters, 85, 91-92 
Filter, 296, 303 
Finishes, 162, 163 
First aid kits, 28 
Fittings, 4, 19, 66, 84 
ABS fittings, 106 
brass fittings, 96-97 
bushings, 85, 90, 91 
cast-iron fittings, 106-107 
cleanouts. See Cleanouts 
closet bends, 85, 103 
closet flanges, 104 
combo fittings, 85, 100 
copper fittings, 95-96 
corrugated stainless steel tubing 
fittings, 107 
couplings, 85, 89 
CPVC fittings, 95 
degree of, 86-87 
designs, 87-93 
drainage, waste and vent fittings, 
97-107 
closet bends, 103 
female adapters, 85, 91-92 
galvanized fittings, 96-97 
male adapters, 85, 91 
offsets, 66, 74, 85, 86, 88 
PEX fittings, 94, 95 
polyethylene fittings, 96 
P-traps, 85, 104-105, 382 
symbols, 234 
PVC fittings, 97 
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drainage, waste and vent fit- 
tings, 105-106 
reducers, 85, 90 
symbols, 235, 236 
sanitary crosses, 85, 101 
sanitary tees, 85, 100, 101 
tees. See Tees 
test tees, 102 
trap adapters, 85, 105, 382, 401, 
476, 483 
twin elbows, 101, 102 
unions, 85, 92, 93 
water distribution fittings, 93, 94 
brass fittings, 96-97 
copper fittings, 95-96 
CPVC fittings, 95 
galvanized fittings, 96-97 
PEX fittings, 94, 95 
polyethylene fittings, 96 
PVC fittings, 97 
wye fittings, 85, 99 
Fixture branch, 381, 388 
sizing, 401, 403 


Fixture drain, 381, 387, 388 
sizing, 400-401, 402 


Fixture group, 437, 438 


Fixtures, 139, 141 
bathtubs. See Bathtubs 
bidets. See Bidets 
drainage, waste and vent 

rough-in, 449 
kitchen sinks. See Kitchen 
sinks 
laundry sinks. See Laundry 
sinks 
lavatory sinks. See Lavatory 
sinks 
layout and sizing 
above-ground layout, 282, 
283 
fixture branch and horizontal 
branch sizing, 401, 403 
fixture drain sizing, 400-401, 
402 
unlisted fixture sizing, 424 
locations, 282, 283 
showers. See Showers 
symbols, 236-237, 238 
toilets. Toilets 


Flaring copper, 351, 372-375 
copper flaring tool, 19-20 


Flashing, 41, 43 
Flat bar, 15 
Flexible pipe crimping tool, 22 
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Flexible tubing 
connection types, 353-354 
working with, 351, 352 


Floor joist, 41, 47 

Floor joist conflicts, 282-283, 
284 

Flow check valve, 566, 581 

Flow-control valve, 566, 581, 
582 

Flue, 194, 206 

Flush, 115 

Flushed, 127 

Flux, 322, 341, 348 

Foam-core, 66, 70 


Folding ruler, 7 
layout, 33 


Foot protection, 27 

Foot valve, 518, 532 

45° offsets, 232, 233 
Framing square layout, 34 


Framing squares, 8 
layout, 34 


G 


Galvanized fittings, 96-97 

Garbage disposers, 195-199 

Gas cocks, 115, 122-123 

Gas water heaters, 203-209, 
210, 211. See also Water 


heaters 
draining, 542-543 
gas regulator replacement, 
549-550 
installation of, 492-493 
thermocouple replacement, 
547-548 
troubleshooting, 529, 530-532 
Gate valves, 115, 118-119 
Gloves, 26 


Grinders, 56-57 


H 


Hacksaws 
miniature hacksaw, 14 
standard hacksaw, 14 


Half bathroom, 437, 441 


Hammer drill, 48, 49 
Hammers, 11 
Hand protection, 26 


Hand tools, 5 

adjustable wrenches, 9-10 
aviation snips, 15 
basin wrench, 17 

use of, 37 
basket strainer tools, 17-18 
chalk box, 23 
chisels, 16-17 
copper flaring tool, 19-20 
copper pipe cutters, 18-19 
copper tubing bender, 20-21 
flexible pipe crimping tool, 22 
framing square layout, 34 
hammers, 11 
inside cutters, 13-14 
inside plastic pipe cutter, 13-14 
knives, 16 
levels, 6 

use of, 30-31 
list of, 5 
metal cutting saw, 14 
nail pullers, 15 
pipe wrenches, 10 

use of, 35 
plastic pipe cutters, 12-13 
plastic pipe saw, 12 
pliers, 9 
plumb bob, 23 
screwdrivers, 8-9 
squares, 8 

framing square layout, 34 
tape measures, 7 

ruler reading, 32 
torch regulator assembly, 21 
torque wrench, 23-24 
tubing cutters, 18-19 


Hangers and supports 
drainage, waste and vent systems, 
458-459, 460-461 
drilling and notching, 339-341, 
342-347 
wood for pipe support, 471 


Hard hats, 28-29 

Heating elements, 518, 520, 
523-524 

Heel inlet 900, 103, 104 

High limit, 194, 212, 
518, 520 

Hole hawg, 48 

Hole saw bits, 51-52 


Hole saw finished surface 
drilling, 60 
Horizontal branch, 381, 


388-389 
sizing, 401, 403 


Hose bibb, 115, 124-125 


Hose outlets, 115, 123 
boiler drains, 123 
hose bibb, 124-125 


Hot water boilers. See 
Hydronic heating systems 

House connection, 310-311, 
312 

Hub, 85, 87 

Hydraulic gradient, 381, 415 


Hydronic heating systems, 565 
air separators, 577-578 
air vents, 577-578 
aquastat, 570, 571 
balancing valves, 582, 583 
centrifugal pumps, 575-577 
domestic hot water, 593 
expansion tanks, 572-575 
minimum volume, calculation 
of, 608 
primary-secondary pumping, 
593 
filling the system, 604, 609 
firing the system, 604 
flow-control valve, 581, 582 
heat source, 568-569, 570 
installing the boiler, 603 
installing the piping, 603 
low-water cutoff, 571 
one-pipe system, 584, 584-587 
diverter tee, 585-586 
sizing diverter tee systems, 
586-587 
water flow resistance, 584-585 
outdoor reset, 570-571 
pressure-reducing valve, 578-580 
primary-secondary pumping, 
588-589 
circuit piping, 589-590 
circulator pumps, 590-592 
common piping, 589 
expansion tanks, 593 
mixing valves, 592-593 
purging the system, 609 
radiant heating. See Radiant heat- 
ing systems 
reset control, 570 
series loop system, 583 
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theory of, 568 

two-pipe direct return, 587, 588 

two-pipe reverse return, 588 

water volume, estimation of, 
606, 607 

wiring the system, 603-604 

zone valves, 580, 582 


Hydronics, 566 
I 


Icemaker box, 202 

Ideal comfort, 594, 595, 596 

Indirect water storage tank, 
566, 593 


Individual vent, 381, 389-390 
sizing, 407, 409, 410 


Inhalation protection, 27-28 

Insert reducing-tee creation 
procedure, 110 

Inside plastic pipe cutter, 
13-14 

Instantaneous, 194, 203 

Internal wrench, 18 

International Plumbing Code 
(IPC), 322 

Interval, 381, 401 

Island venting, 394, 396, 


428-429 
sizing, 414-415, 416 


Isolate, 115, 122 
Isolation valves, 115, 116-117, 


126 
ball valves, 117-118 
gas cocks, 122-123 
gate valves, 118-119 
stop-and waste valves, 121, 122 
stops, 119-120, 121 


Isometric drafting, 258-261, 


262 
riser diagrams, 262-263 
triangles, 252-254, 255 


Isometric view, 230, 231 
J 


Jackhammers, 59 
Job site sizing, 326, 327 
Joint, 4, 12, 85, 87, 322 


Joists, 230, 243, 268, 281, 


322, 329 

drilling and notching, 336-338, 
339 

floor joist conflicts, 282-283, 284 


K 


Kitchen sinks, 152-154, 155 
basket strainers, 184, 186 
faucets, 173-175, 176 
installation of, 486, 487 

stainless steel sink into a 
counter top, 508-511 
layout and sizing, 331, 333, 442, 
452, 453, 455, 455-456 


Knee protection, 27 
Knives, 16 
Knock-out, 162, 177 


L 


Ladder safety, 43-44 
Lanyard, 41, 45 
Laundry room layout, 446, 447 


Laundry sinks, 155 
basket strainers, 185, 186, 187 
faucets, 175, 176, 178 
installation of, 489 


Lavatories 

drain installations, 501-507 

installation of, 483-484, 
484-485 

layout and sizing, 328, 329, 450, 
452, 453 

sinks. See Lavatory sinks 

toilets. See Toilets 


Lavatory sinks, 145-147 
drain assemblies, 179-180 
installation of, 501-507 
faucets, 166, 167, 168 
installation of cultured-marble 
faucet, 501-507 


Layout, 275-276, 277 
above-ground layout, 281, 282 
edge form layout procedure, 
289-291 
fixture locations, 282, 283 
floor joist conflicts, 282-283, 284 
manufacturer rough-in sheet, 
286-287 
wall layout, 284-286 
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bathtubs, 328-330, 330-332, 452, 
454 
drainage, waste and vent 
systems. See Drainage, waste 
and vent (DWV) systems 
kitchen sinks, 331, 333, 452, 453, 
455, 455-456 
lavatories, 328, 329, 450, 452, 
453 
showers, 330-331, 332 
toilets, 327-328, 450, 451 
underground layout, 277-278 
trench layout, 280, 281 
wall layout, 278, 279 
wall layout 
above-ground layout, 284-286 
edge form layout procedure, 
289-291 
underground layout, 278, 
279 
water distribution installations, 
327 
water distribution systems, 323 
bathtubs, 328-330, 330-332 
kitchen sinks, 331, 333, 452, 
453, 455, 455-456 
lavatories, 328, 329, 450, 
452, 453 
pipe sizing, 323-324 
showers, 330-331, 332 
toilets, 327-328, 450, 451 
wall layout, 327 


Leadership in Energy and 
Environmental Design 
(LEED), 67 


Levels, 6 
use of, 30-31 


Lined pipe nipples 
water heaters, 219, 220 
Load-bearing walls, 230, 249, 
268, 282 
Locking pliers, 9 
Loop vent, 381, 390, 391 
Lug, 115, 123 


M 


Male adapters, 85, 91 

Manifold station, 566, 
599-600 

Manifold systems, 352, 353 

Manual air vent, 566, 578 
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Manufacturer rough-in sheet, 
286-287 
Masonry bits, 52, 53 


Material handling, 273, 274 
vehicle racks, 274-275, 276 


Material organization, 267, 271 
bagging and tagging, 272, 273 
palletizing, 272 


Material Safety Data Sheet 

(MSDS), 270, 344 
Metal cutting saw, 14 
Meter, 518, 526 


water meter connections, 308- 
309, 310 


Miniature hacksaw, 14 
Monoflo tee, 566, 585 
Multi-purpose tool, 16 


N 


Nail-in hanger, 343 
Nail paw, 15 
Nail pullers, 15 
National Sanitation Founda- 
tion (NSF), 67 
Needle nose pliers, 9 
Nominal diameter, 66, 68 
Notching. See Drilling 
and notching 
Nut drivers, 4, 9 


0 


Offsets, 66, 74, 85, 86, 88 
Ohm, 518 

One-pipe hot water, 566, 585 
Open air, 382, 385 

Open-end wrenches, 4, 9 

Oral communications, 270-271 
OSHA, 41, 42, 270 

Outdoor reset, 566, 570-571 


P 


Palletizing, 272 
Partition, 322, 333 
Percolation, 382, 417 


Perc test, 382, 418 
Perforated pipe, 78-79 
Personal protection equip- 


ment, 24 
ear protection, 45-46 
eye protection, 24-25 
face protection, 25, 26 
first aid kits, 28 
foot protection, 27 
hand protection, 26 
hard hats, 28-29 
inhalation protection, 27-28 
knee protection, 27 


PEX fittings, 94, 95 

PEX pipe, 73-74. See also 
Plastic pipe 

PEX tubing, 566, 595 

Pilot, 208 

Pilot flame, 194 

Pipe dope, 341, 345, 347, 348 


Pipes, 65, 66, 68 
brass pipe, 78 
cast-iron pipe, 76 
copper tube, 74-75 
corrugated stainless steel tube, 
79-80 
diameters, 68-69 
drainage, waste and vent systems 
connections to dissimilar pipe, 
462, 464 
pipe protection, 459, 461, 462-463 
fittings. See Fittings 
perforated pipe, 78-79 
plastic pipe. See Plastic pipe 
sizing, 323-324 
determination of sizes, 358-360 
steel pipe, 77-78 
Pipe wrenches, 10 
use of, 35 
Pistol drill, 47 
Plan view, 230, 231 
Plastic pipe, 69 
ABS pipe, 72 
CPVC pipe, 71-72 
cutters, 12-13 
inside cutters, 13-14 
cutting, 36, 354 
flexible tubing 
connection types, 353-354 
working with, 351, 352 
solvent-welding, 354, 376-377 
working with, 354 


Plastic pipe saw, 12 
Pliers, 9 
Plug symbols, 235, 236 
Plumb bob, 23 
Point of no pressure change, 
567, 573 
Point-of-use water heater, 194, 
215 
Polyethylene fittings, 96 
Polyethylene pipe, 72-73. 
See also Plastic pipe 
Polyethylene tubing, 567, 
595 
Pop-up, 140, 146, 162, 179 
Portable band saws, 56 
Port opening, 162, 179 
Potable water, 66, 68 
Power-actuated tool, 57-58 
Power bore bits, 51 
Power tools, 40 
air compressors, 58 
drills. See Drills 
grinders, 56-57 
jackhammers, 59 
power-actuated tool, 57-58 
safety, 42 
ear protection, 45-46 
electrical safety, 42 
fall protection, 45 
ladder safety, 43-44 
saws. See Saws 
Pressure reducing valves, 115, 
126-127, 567, 578-580 
Pressure relief valve, 194, 217, 
567, 580, 580 
Private water systems, 300, 
301 
Procure, 271 
Procurement, 268 
P-traps, 85, 104-105, 382, 383 
symbols, 234 
Public water system, 298-299 
Purification, 296, 300 
PVC fittings, 97 
drainage, waste and vent systems, 
105-106 
PVC pipe, 69-70, 71. See also 
Plastic pipe 
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R 


Radiant heating systems, 567 
bypass lines, 600, 601 
cold 70, 594 
concrete-free installations, 
598-599 
human body, 594 
ideal comfort, 594, 595, 596 
manifold station, 599-600 
piping systems, 595 
concrete-free installations, 
598-599 
slab on grade, 596-597 
thin slab, 598 
water temperature and direct 
piping, 600-602 
primary-secondary pumping with 
high-and low-temperature cir- 
cuits, 602 
slab on grade, 596-597 
thermostatic bypass valves, 
601 
thermostatic mixing valve, 
601-602 
thin slab, 598 
tubing, 599 
water temperature and direct 
piping, 600-602 
Radiator, 567, 586 
Radius, 66, 73 
Ratchet copper flaring tool, 20 
Reactionary valves and 


devices, 115, 125-126 
check valves, 128-129 
pressure-reducing valves, 126-127 
reduced-pressure zone devices, 

115, 130-131, 132 
relief valves, 127-128 
vacuum breakers, 129, 130 
vacuum relief valves, 130 


Reciprocating saws, 54 
Reduced-pressure zone devices, 
115, 130-131, 132 


Reducers, 85, 90 
symbols, 235, 236 


Relief valves, 115, 127-128, 
B72, 567 

Relief vent, 382, 391, 392, 401 

Reset control, 570 

Reverse-return, 588 

Reverse return system, 567 


Right angle drill, 47 

Riser clamp, 346 

Riser diagrams, 230, 262-263 
Rough, 140, 144, 437, 450 
Rough-in, 140, 141, 382 
Rough-in sheet, 140 

Ruler reading, 32 


S 


Saber saws, 55-56 
Safety, 519-520 
Safety glasses, 24-25 
Safety shoes, 27 
Sanitary crosses, 85, 101 
Sanitary tees, 85, 100, 101 
Saws 
blade selection, 61 
circular saws, 54-55 
metal cutting saw, 14 
plastic pipe cutting, 36 
plastic pipe saw, 12 
portable band saws, 56 
power saws, 53-54 
circular saws, 54-55 
portable band saws, 56 
reciprocating saws, 54 
saber saws, 55-56 
reciprocating saws, 54 
saber saws, 55-56 
wallboard saw, 14, 15 
Scale ruler, 251-252, 253 
Schedule, 66, 68 
Screwdrivers, 8-9 
Sealants. See Compounds and 
sealants 
Section view, 230, 231 
Septic systems, 417-421 
Septic tank, 382, 385 
Sewer, 66, 70 
sizing, 403, 405, 406 
Shank, 41, 50 
Shop drawing, 232 
Shower pan, 458, 459 
liner installation procedure, 
468-470 
Showers, 148, 150-152 
drains, 182, 183, 184, 185 
faucets, 168-173 
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layout and sizing, 330-331, 332 
Side view, 230, 231 
Silver solder, 322 
Silver soldering, 341, 349 
Sinks 


kitchen sinks. See Kitchen sinks 
laundry sinks. See Laundry sinks, 
lavatory sinks. See Lavatory 
sinks 
Sizing 
drainage, waste and vent systems. 
See Drainage, waste and vent 
(DWV) systems 
job site sizing, 326, 327 
pipe sizing, 323-324 
determination of sizes, 358-360 
theory of, 324-325 
water distribution systems. 
See Water distribution systems 


Sketch, 230, 250 

Slab, 268, 275 

Slide square, 252, 253, 254 
Slip joint, 476, 483 

Slope, 4, 6 

Sockets, 4, 9, 85, 87 

Soil stack, 382 


Solder, 322, 341, 349 
silver solder, 322 


Soldering, 322, 341, 349 
copper, 365-369 
silver, 341, 349 


Spec home, 162, 163 
Speed bits, 50-51 


Squares, 8 
framing square layout, 34 


Stack, 85, 106, 382, 385 


Stack vent, 382, 385-386 
sizing, 405, 407, 408 


Standard expansion tank, 572 

Standard hacksaw, 14 

Steam boilers, 567. See also 
Hydronic heating systems 

Steel pipe, 77-78 

Steel-toe work boot, 27 

Step bits, 53 

Stop-and waste valves, 115, 
121, 122 

Stops. See Escutcheons 
and stops 
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Straight claw hammer, 11 
Strainer fork, 18 
Strapping, 342, 344 
Strap wrenches, 10 
Street, 85, 87 
Stub out, 140, 141 
Stud, 41, 47, 230, 244, 268, 
281, 322 
Submersible pump, 518, 532 
Submittal, 140, 141 
Supports. See Hangers and 
supports 
Swing joint, 85, 88 
Symbols, 231 
architectural, 245-250, 251, 252 
caps, 235, 236 
cleanouts, 235 
drain, 237, 239 
equipment, 237, 239 
fixtures, 236-237, 238 
45° offsets, 232, 233 
90° offsets, 231, 232 
piping systems, 235 
plugs, 235, 236 
P-traps, 234 
reducers, 235, 236 
tees, 232, 233 
perpendicular tee configuration, 
233, 234 
valves and devices, 236, 237 
Symbol templates, 255-256, 
257 


T 


Tankless, 194, 203 
Tankless hot water heating 
coil, 566, 593 
Tankless water heaters, 210, 
211, 212. See also Water 
heaters 
Tape measures, 7 
ruler reading, 32 
Tees, 85, 88-89, 230 
insert reducing-tee creation 
procedure, 110 
size identification procedure, 
109 
symbols, 232, 233 


perpendicular tee configuration, 
233, 234 


Tee size identification proce- 
dure, 109 

Teflon tape, use of, 363-364 

Terminal, 194, 213 

Terminal unit, 567, 568, 584 

Test ball, 437, 464 

Test cap, 437, 463 

Test plug, 437, 463 

Test tees, 85, 102 

Thermocouple, 194, 208 


Thermostats, 194, 202 
electric water heaters, 521-522, 
523 


Threaded rod attachment, 342 
Toggle bolt and threaded rod 
assembly, 343 


Toilets, 142-145 
ballcock replacement, 557-558 
flush valve replacement, 559-561 
installation of, 480-481, 
481-483 
two-piece toilets, 498-500 
layout and sizing, 327-328, 
450, 451 
troubleshooting, 539, 540-541 


Tools, 3 
drafting tools. See Drafting tools 
hand tools. See Hand tools 
power tools. See Power tools 


Torch, 322 

Torch regulator assembly, 21 

Torch strike, 21 

Torpedo level, 6 

Torque wrench, 23-24 

T&P valve, 115, 127 

Trap, 382, 383 

Trap adapters, 85, 105, 382, 
476, 483 

Trap distance, 382, 415-417 

Trench, 268, 278, 296, 304 

Trench layout, 280, 281 

Triangles, 230, 252-254, 255 

Trim, 162, 168 

Trim-out, 140, 141, 437, 444 


Troubleshooting, 517 
safety, 519-520 


toilets, 539, 540-541 
water heaters 
electric water heaters. See Elec- 
tric water heaters 
gas water heaters. See Gas water 
heaters 
well pumps, 532, 533-539 
T&S faucets, 162, 168 
Tube, 66, 68 
Tubing, 66, 68 
Tubing cutters, 18-19 
Tubular, 476, 477 
Twin elbows, 101, 102 
Twist bits, 49, 50 
Two-hole plate with expand- 
able anchors, 344 
Two-pipe system, 567, 587 


U 


Underground layout, 277-278 
trench layout, 280, 281 
wall layout, 278, 279 


Uniform Plumbing Code (UPC), 
322 
Unions, 85, 92, 93 


V 


Vacuum breakers, 115, 129, 
130 
Vacuum relief valves, 115, 130 


Valves and devices, 114 
ball valves, 117-118 
check valves, 128-129 
gas cocks, 122-123 
gate valves, 118-119 
hose outlets, 123 
boiler drains, 123 
hose bibb, 124-125 
isolate, 115 
isolation valves. See Isolation 
valves 
pressure-reducing valves, 
126-127 
reactionary valves and devices. 
See Reactionary valves and 
devices 
reduced-pressure zone devices, 
115, 130-131, 132 
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relief valves, 127-128 

stop-and waste valves, 121, 122 

stops, 119-120, 121 

symbols, 236, 237 

vacuum breakers, 129, 130 

vacuum relief valves, 130 
Vehicle racks, 274-275, 276 
Vent, 66, 85, 103 


Vent stack, 382, 386 


and building drain connection, 426 


sizing, 405, 407, 408 
Vent systems. See Drainage, 
waste and vent (DWV) 
systems 
Volt, 518, 521 
Volume factor, 567 
Volute, 567, 575 


WwW 


Wallboard, 4 
Wallboard saw, 14, 15 
Wall layout 
above-ground layout, 284-286 
edge form layout procedure, 
289-291 
underground layout, 278, 279 
water distribution installations, 
327 


Walls 


layout of. See Wall layout 
drilling and notching, 333-336 


Wall stud, 41, 47, 230, 244, 
268, 281, 322 


Washing machine box, 201 
layout considerations, 455, 457, 
457-458 


Waste arm, 437, 450 


Waste stack, 382, 385 
sizing, 401, 403, 404 


Waste systems. See Drainage, 
waste and vent (DWV) 
systems 

Wastewater, 382, 385 

Water closet, 85, 103 

Water distribution systems, 


66, 296, 303 
bathtub layout, 328-330, 
330-332 


compounds and sealants, 
341-354 
drilling and notching, 333-339 
fittings, 93, 94 
brass fittings, 96-97 
copper fittings, 95-96 
CPVC fittings, 95 
galvanized fittings, 96-97 
PEX fittings, 94, 95 
polyethylene fittings, 96 
PVC fittings, 97 
hangers and supports, 339-341, 
342-347 
installations, 321 
compounds and sealants, 
341-354 
drilling and notching, 333-339 
hangers and supports, 339-341, 
342-347 
layout and sizing, 323-333 
procedures, 358-377 
testing, 355, 356, 357 
wall layout, 326, 327 
job site sizing, 326, 327 
kitchen sink layout, 331, 333 
lavatory layout, 328, 329 
layout considerations, 323 
bathtubs, 328-330, 330-332 
kitchen sinks, 331, 333 
lavatories, 328, 329 
pipe sizing, 323-324 
showers, 330-331, 332 
toilets, 327-328 
wall layout, 326, 327 
pipe sizing, 323-324 
shower layout, 330-331, 
332 
sizing 
job site sizing, 326, 327 
pipe sizing, 323-324 
sizing theory, 324-325 
testing, 355, 356, 357 
toilet layout, 327-328 
wall layout, 326, 327 


Water filtration, 303 
Water heaters 


anode rod, 220 
electric. See Electric water 
heaters 
expansion tanks, 221, 222 
replacement of, 554-556 
gas. See Gas water heaters 
gas regulator replacement, 
549-550 
installation of, 490, 491 
electric water heaters, 492 
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gas water heaters, 492-493 
pressure switch replacement, 
551-553 
residential, 202 
electric water heaters. See Elec- 
tric water heaters 
gas water heaters. See Gas water 
heaters 
screw-in element replacement, 
544-546 
solar water heaters, 216-218, 
219 
storage tank replacement, 
554-556 
system protection, 218 
anode rod, 220 
expansion tanks, 221, 222 
lined pipe nipples, 219, 220 
thermocouple replacement, 
547-548 


Water meter connections, 
308-309, 310 

Water quality, 300, 301 

Water service, 66, 72, 296 

Water service installations, 


295, 303 
burial-depth requirements, 307 
elevation higher than sewer, 313 
elevation same as sewer, 313 
house connection, 310-311, 312 
perpendicular installations, 314 
trench safety, 304-305, 306 
trench same as sewer, 313, 
315-316 
water meter connections, 308- 
309, 310 
well connections, 309-310, 311 
Water sources, 297, 298 
private water systems, 300, 
301 
public water system, 298-299 
water supply fixture unit 
(wsfu), 322 
Watts, 518 
Wax seal, 476, 480 
Weir, 382, 383 
Well connections, 309-310, 
311 
Well pump troubleshooting, 
532, 533-539 
Wet venting, 392-393 


Wet-vent sizing, 413 
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Wire cutters, 9 
Wood board, 346, 347 
Wood chisel, 16-17 
Wrenches 

adjustable wrenches, 9-10 


basin wrenches, 17 
use of, 37 
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pipe wrenches, 10 
use of, 35 
torque wrench, 23-24 


Written communications, 
269-270 
Wye fittings, 85, 99 


Z 


Zone valves, 567, 580, 582 
Zoning, 567, 580 


